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Abstract

The study aimed to evaluate the therapeutic potential
of bile salt hydrolase (BSH)- producing probiotic
Enterococcus faecalis CGz3 in alleviating steatosis in
HepG2 hepatocarcinoma cells, with non-alcoholic
fatty liver disease (NAFLD) induced by cholesterol and
oleic acid (OA), focusing on its effects on lipid
accumulation, metabolic gene expression and,
inflammatory pathways. HepG2 cells were treated with
cholesterol and OA to induce lipid accumulation,
mimicking non-alcoholic fatty liver disease (NAFLD)
conditions. Cells were then incubated with E. faecalis
CGz3 for 6 hours at 37°C and 5% CO:. Lipid levels
were quantified using Oil Red O staining and
cholesterol uptake assays, while gene expression of
lipogenic, inflammatory and metabolic markers was
assessed via quantitative real-time polymerase chain
reaction (QRT-PCR).

Treatment with E. faecalis CGz3 significantly reduced
lipid accumulation from 42.96+1.35 mg/mL in NAFLD-
induced cells to 29.73+1.26 mg/mL. It down regulated
lipogenic genes (SREBP-1c, FAS and ACC) and
inflammatory markers (TNF-o, IL-6, CRP, TLR4,
TLRY, NF-xB, JNK, ERK) while upregulating PPARa
and AMPK, promoting fatty acid oxidation. No
significant cytotoxicity was observed at 6 hours, though
prolonged exposure (12-24 hours) reduced cell
viability. This study introduces E. faecalis CGz3, a
novel BSH-producing probiotic isolated from chicken
gizzard, as a promising candidate for NAFLD
intervention. Its selective modulation of lipid
metabolism and inflammation via BSH activity offers a
new perspective on probiotic-based therapies for
NAFLD, warranting further in vivo and clinical
exploration.

Keywords: Bile salt hydrolase (BSH), Cytotoxicity,
Cholesterol assimilation, HepG2-cell lines, Non-Alcoholic
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Introduction

Non-alcoholic fatty liver disease (NAFLD), affecting over
25% of adults globally, is characterized by excessive hepatic
fat accumulation (>5% of hepatocytes) without significant
alcohol consumption, often progressing to non-alcoholic
steatohepatitis (NASH), cirrhosis and hepatocellular
carcinoma (HCC)3. Driven by de novo lipogenesis (DNL)
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through transcription factors like Sterol-regulatory-element-
binding protein 1-c (SREBP-1c) and CCAAT/enhancer-
binding protein-o (C/EBP-a), NAFLD promotes triglyceride
(TG) synthesis, lipid peroxidation and inflammation,
exacerbating its impact in obesity, type 2 diabetes and
dyslipidemia®. Despite its growing prevalence, NAFLD
lacks approved pharmacological treatments, underscoring
the urgent need for innovative therapeutic strategies®’.

Probiotics targeting the gut-liver axis have gained attention
for their potential to mitigate NAFLD by reducing lipid
accumulation and systemic inflammation. Recent studies
have explored various strains with partial success. For
instance, Xin et al demonstrated that Lactobacillus johnsonii
BS15 reduced hepatic lipid accumulation by 25% in obese
mice and upregulated Peroxisome proliferator-activated
receptor alpha (PPARa), but it had limited effects on
inflammatory pathways like Toll-like receptor 9 (TLR9) and
NOD-like receptor pyrin domain-containing 3 (NLRP3)%,
Similarly, Huang et al reported that Lactobacillus plantarum
AR113 achieved a 20% lipid reduction in HepG2 cells by
suppressing Fatty acid synthase (FAS) and Acetyl-CoA
carboxylase (ACC), yet it showed weak modulation of C-
reactive protein (CRP) and extracellular signal-regulated
kinase (ERK).

Kim et al found that Bifidobacterium longum reduced lipid
content by 22% and down regulated FAS in HepG2 cells, but
it failed to impact TLR9 or NLRP33, Chen et al showed that
Lactobacillus rhamnosus GG reduced lipid accumulation by
18% and reduced FAS and Tumor necrosis factor-alpha
(TNF-a) in HepG2 cells, but it did not affect CRP or
ERK!21%, These studies highlight a critical gap: no probiotic
strain comprehensively addresses both lipid accumulation
and key inflammatory pathways (TLR9, NLRP3, CRP,
ERK), which are essential to halt NAFLD progression to
NASH.

Moreover, the bile salt hydrolase (BSH) activity of
probiotics, which deconjugates bile acids to reduce
cholesterol absorption and modulate gut microbiota, remains
underexplored despite its therapeutic potential?®. This study
introduces Enterococcus faecalis CGz3, a novel BSH-
producing probiotic isolated from chicken gizzard, to bridge
these gaps. Its high BSH activity deconjugates bile acids,
disrupting cholesterol enterohepatic circulation and
promoting fatty acid oxidation via AMP-activated protein
kinase (AMPK) and Peroxisome Proliferator-Activated
Receptor Alpha (PPARa) up-regulation, as supported by
mechanisms elucidated in similar models. Additionally, E.
faecalis CGz3 down-regulates TLR9, NLRP3, CRP and
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ERK, alongside FAS, ACC, TNF-a and c-Jun N-terminal
kinase (JNK), offering a broader anti-inflammatory profile
than comparator strains, which fail to modulate these
pathways comprehensively’?’. By leveraging BSH-
mediated cholesterol reduction and selective pathway
modulation, E. faecalis CGz3 addresses the inadequacies of
existing probiotics, providing a more effective intervention
for NAFLD. This in vitro study sets the stage for in vivo and
clinical validation to confirm its therapeutic potential.

Material and Methods

Lyophilization and viability test: Enterococcus faecalis
CGz3 grew in MRS broth for 24 hours at 37°C and 120 rpm.
Pelletising cells required 8 minutes of centrifugation at
10,000 rpm after incubation. Lyophilised powder was made
by washing, resuspending and freeze-drying the particle in
sterile saline (0.89%). Resuspending of the lyophilised
powder in sterile saline and plating it on MRS agar tested its
sterility, viability and CFU count. We counted live CFU
after 24 hours of 37°C incubation. The cell-line treatment
concentration was based on this CFU count.

Oleic acid/BSA solution preparation: OA was dissolved in
0.1 N NaOH and heated to 70°C in a shaking water bath to
make a 100 mM stock solution. BSA was dissolved in
distilled water and heated to 55°C to make a 10% (w/v)
solution. To produce the OA/BSA combination, 100 mM
OA was diluted with 10% BSA in the culture medium to 10
mM®. After sterile filtration via a 0.2-um membrane, the
solution was kept at -20°C until use.

Generation of non-alcoholic fatty liver disease and
cytotoxicity analysis: The HepG2 human hepatocellular
carcinoma cells (ATCC HB-8065) were cultured in DMEM
supplemented with 10% FBS (MP Biomedicals, Germany)
at 37°C in a humidified chamber with 5% CO-'¢. The cell
density was increased to almost 80% confluency. A non-
antibiotic culture medium was used to pre-incubate the cells
for 6 hours before treatment. HepG2 cells were subjected to
1 mM OA and 75 pug/mL water-soluble cholesterol (Sigma-
Aldrich) in FBS-free DMEM to mimic circumstances
similar to NAFLD. A medium devoid of OA and cholesterol
and containing 1% BSA was used to treat the control cells.
Following that, 250 pL of E. faecalis CGz3 solution was
introduced and the cells were left to incubate at 37°C with
5% CO: for 6, 12, or 24 hours.

Cell viability assay: The CCK-8 reagent was used to
determine the cell viability. Each well was then
supplemented with 200 uL of DMEM containing 10% CCK-
8 reagent after the medium was extracted. For three hours,
the plates were placed in an incubator with a 5% CO:
environment at 37°C1%16, To measure the absorbance of each
well, a microplate reader was used, with the signal
wavelength set at 450 nm and the background wavelength at
630 nm. After normalising to untreated controls, cell
viability percentages were computed by removing
background data®.
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Oil red O staining: After incubating HepG2 cells with E.
faecalis CGz3 for 6 hours, they were washed three times
with cold PBS and then fixed with 10% formalin for 20
minutes at room temperature. The next step was to stain the
cells for 15 minutes in the dark using a newly made working
solution of Oil Red O?8. Washing the item many times with
cold distilled water removed the excess discoloration. An
inverted microscope was used to study and to photograph the
cells. The stained lipid droplets were mixed with 100%
isopropanol and then agitated for 10 minutes at room
temperature to facilitate measurement. With the use of a
microplate reader, the optical density was determined at 510
nm.

Cholesterol uptake assay to assess the intracellular
cholesterol content in the HepG2 cells: Using Gilliland's
modified o-phthalaldehyde colorimetric approach, we were
able to quantify the intracellular cholesterol content. After
homogenising the HepG2 cells, a mixture of 0.25 mL, 1.5
mL of ethanol (95% v/v) and 1 mL of potassium hydroxide
(50% wi/v) was prepared. Before being heated in a water bath
at 60°C for 10 minutes, the mixture was vortexed for 15
seconds. The liquid was vortexed once more after cooling
and then 2.5 mL of hexane and 1.5 mL of distilled water
were added. An o-phthalaldehyde reagent solution was
prepared by collecting the top hexane layer, evaporating it
under nitrogen gas at 60°C and then dissolving it in 0.75 mL
of glacial acetic acid. The samples were left to incubate at
room temperature for 10 minutes after adding 1 mL of pure
H>SO.. At 550 nm, the absorbance was recorded. To
guantify cholesterol, a standard curve was created utilising
values ranging from 0-0.2 mg/mL with a correlation
coefficient of 0.995%,

Analysis of lipid-regulating genes in HepG2 cells by
gRT-PCR: Tests for inflammatory and lipid-regulating
gene expression were conducted using quantitative real-time
polymerase chain reaction (QRT-PCR). Transcription from
HepG2 RNA to cDNA was performed. Endpoint PCR and
agarose gel electrophoresis were used to verify the following
primers: f-actin, SREBP-1c, acetyl CoA carboxylase
(ACC), fatty acid synthase (FAS), AMPK, PPARa, TNF-a,
IL-6, CRP, TLR4, TLR9, NLRP3, ERK, JNK, AKT, NF-xB
and HMGCR. With the Rotor-Gene Q thermal cycler, qRT-
PCR based on SYBR Green was performed as follows: 95°C
for 5 minutes, followed by 40 cycles of 95°C for 10 seconds,
58°C for 15 seconds and 72°C for 20 seconds'®. The cDNA
concentrations were consistent among samples and the
primer concentrations were kept at 200 nM. Using the
comparative Ct (224¢Y) technique, the relative expression
was computed. Analysis of the melt curve verified that the
primers were specific.

Results and Discussion

Probiotic strain’s cytotoxic effects on HepG2 cells, as
well as the combined effects of OA and cholesterol
treatment: The cytotoxicity of E. faecalis CGz3 on HepG2
cells was assessed using the Cell Counting Kit-8 (CCK-8)
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assay. Treatment for 6 hours showed no significant reduction
in cell viability, with percentages exceeding 90% in both
control and NAFLD-induced HepG2 cells. This indicates
that E. faecalis CGz3 does not exhibit immediate cytotoxic
effects at short exposure times. However, prolonged
treatment for 12 or 24 hours led to a notable decrease in cell
adherence and viability, suggesting potential time-
dependent adverse effects. These findings stress the need for
clinical treatment duration optimisation. E. faecalis CGz3
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reduced lipid formation and intracellular lipid content in
OA- and cholesterol-treated HepG2 cells in addition to
cytotoxicity (Table 1).

Cholesterol uptake assay, Oil red O staining: In E.
faecalis CGz3-treated cells, intracellular cholesterol levels
were 30% lower than in untreated OA-induced cells. The
impact of enterococcus faecalis CGz3 on lipid accumulation
was tested using Oil Red O staining and cholesterol uptake.

Table 1
Cell viability assay at the 6™, 12" and 24" hour. Data represents the means + standard error of the mean.

% Viability

Time Control HepG2
point

NAFLD - 1mM OA + 75ug/mL
Cholesterol

Untreated | E. faecalis CGz3 | Untreated E. faecalis

CGz3

6h

100+£2.43 90.62+2.74

94.64+2.2 93.04+3.0

12h

100+4.8 22.008+3.93

51.84+2.05 11.6+£2.7

24 h

100+2.04 24.48+0.04

43.75+1.02 20.51+0.07

P DNWbDO
O O oo

Cholesterol (ug/mL)

o o

Cholesterol uptake assay

S

Control vs. NAFLD model vs. Treatment with E.
faecalis CGz3

Cholesterol Cholesterol Cholesterol (E.
(Control) pg/mL | (NAFLD model) | faecalis) pg/mL
pg/mL

NAFLD - 1mM OA + 75pg/mL

Cholesterol

Absorbance at 510nm

0.6
0.5
0.4
0.3
0.2
0.1

Oil red O staining

Control vs. NAFLD model vs. E. faecalis CGz3
treated

Control HepG2 | NAFLD model [E. Faecalis CGz3

NAFLD - 1mM OA + 75pg/mL

Cholesterol

Figure 1: The effect of E. faecalis CGz3 on the HepG2 cells induced with 1mM OA + 75ug/mL cholesterol.
Error bars represent the standard error of the mean.
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Figure 1 shows that OA- and cholesterol-treated HepG2 cells
displayed severe steatosis, while control cells had little
staining in correlation with the cholesterol concentration of
13.49£1.172 mg/mL (control), 42.96+1.65° mg/mL (NAFLD
induced HepG2 cell-lines) and 29.73#1.26° mg/mL
(NAFLD induced HepG2 cell-lines treated with E. faecalis
CGz3), showing a significant decrease (p < 0.01) of
cholesterol levels. Compared to Lactobacillus johnsonii,
which reduced hepatic fat by 25% in HepG2 cells, E. faecalis
CGz3 achieved a 30% reduction, suggesting superior
cholesterol-lowering efficacy. Lactobacillus plantarum
AR113 reduced lipid accumulation by 20% but had limited
effects on inflammatory markers °.

Lower staining intensity showed that E. faecalis CGz3
decreased lipid accumulation (Figure 2B). This indicates that
E. faecalis CGz3 effectively modulates cholesterol
metabolism, reducing lipid accumulation and steatosis.
These findings highlight the potential of E. faecalis CGz3 as
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a therapeutic candidate for addressing hepatic steatosis and
related lipid dysregulation.

E. faecalis CGz3 modulates lipid-regulating genes in
HepG2 cells: quantitative RT-PCR: The molecular effects
of E. faecalis CGz3 were evaluated by analyzing the
expression of lipid-regulating and inflammatory genes using
guantitative RT-PCR. Primers were validated through
endpoint PCR, agarose gel electrophoresis and NanoDrop
quantification (Figure 3 and Table 2). The primer sequences
were determined for the genes of interest as in table 3.
Treatment with E. faecalis CGz3 resulted in significantly
reduced (p < 0.05) mRNA expression of lipogenesis-related
genes such as acetyl-CoA carboxylase-alpha (ACC-a) and
fatty acid synthase (FAS), as well as inflammatory markers
including TNF-o, CRP, TLR9, NLRP3, JNK and ERK.
Conversely, genes associated with fatty acid oxidation and
energy regulation, such as AMPK and PPARa, were
significantly (p < 0.05) upregulated, indicating enhanced
lipid oxidation in HepG2 cells treated with E. faecalis CGz3.

b - -

PN P

6-hour

12-hour

24-hour

C

D

Figure 2A: Oil red O staining of the total lipid contents from control, NAFLD induced and E. faecalis CGz3 treated
NAFLD-induced HepG2 cells. Error bars represent the standard error of the mean.
Figure 2B: 6 hour - A) Control HepG2 cells; B) HepG2+E. faecalis CGz3; C) HepG2+0OA and cholesterol;
D) HepG2+NAFLD+E.faecalis;
12 hour - Control HepG2 cells; B) HepG2+E. faecalis CGz3; C) HepG2+0OA and cholesterol;
D) HepG2+NAFLD+E. faecalis CGz3;
24 hour- A) Control HepG2 cells; B) HepG2+E. faecalis CGz3; C) HepG2 with OA and cholesterol
(NAFLD-induced); D) HepG2+NAFLD-induced+E. faecalis CGz3 treated
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However, no significant changes were observed in the
expression of certain genes including SREBP-1c, AKT,
TLR4, HMGCR, NF-«xB, or IL-6 (Figure 4). This suggests
that E. faecalis CGz3 exerts selective modulation of lipid
metabolism and inflammatory pathways. These findings
confirm the probiotic’s ability to alleviate NAFLD-
associated  lipid  dysregulation and inflammation,
highlighting its potential as a therapeutic candidate.

PPARa is crucial for lipid metabolism, boosting fatty acid
oxidation and reducing inflammation. It controls adipocyte
development, insulin sensitivity and fatty acid elimination.
In this work, E. faecalis CGz3 increased PPARa expression,
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supporting its involvement in decreasing steatosis and
inflammation. B. longum down regulated FAS but showed
no significant effect on NLRP3 or TLR9 *. L. rhamnosus GG
reduced FAS and TNF-o but did not affect ERK or CRP %2,

L. johnsonii upregulated PPARa but had minimal impact on
TLR9 or NLRP3%, L. plantarum AR113 reduced FAS and
ACC but not CRP or ERK®. PPARa activity is linked to
reduced fibrosis and stellate cell activation, suggesting anti-
fibrotic actions?. E. faecalis CGz3’s comprehensive down
regulation of FAS, ACC, TNF-a, CRP, TLR9, NLRP3 and
ERK, alongside PPARo and AMPK up regulation,
underscores its unique BSH-mediated mechanism.

Table 2
Quantification of extracted RNA samples on NanoDrop

S.N. | Sample ID NanoDrop QC
Readings (ug/nl) Status
1 Control 211.4 Pass
2 E. Faecalis 198.5 Pass
CGz3

Figure 3: Agarose gel electrophoresis: (A) 100 bp primer ladder (B) NAFLD-induced model treated
with E. faecalis CGz3 treated.

8.75
7.5
6.25 -

5 -
3.75 -
2.5
1.25 -

Gene fold

p-actin
SREBP-1c
ACC alpha
FAS

AKT

CRP

TLR4

Fold changes in gene expression

TLRY

NLRP3
JNK/MAPKS
ERK/MAPK3

Genes

IL6

HMGCR
NF-xB
AMPK

PPAR-a
TNF-a

Figure 4: QRT-PCR of the genes in HepG2 cells. ACC-a, FAS, CRP, TLR9, NLRP3, JNK, ERK and TNF-a
(red bars) are down-regulated. AMPK and PPARGa (grey-colour bars) are upregulated.
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Table 3
gRT-PCR: primer sequences of the genes involved in the non-alcoholic fatty liver disease.
Gene primer sequence
SREBP-1C FP ACTTCTGGAGGCATCGCAAGCA
RP AGGTTCCAGAGGAGGCTACAAG
Acetyl CoA Carboxylase alpha FP TTCACTCCACCTTGTCAGCGGA
RP GTCAGAGAAGCAGCCCATCACT
Acetyl CoA Carboxylase beta FP GACGAGCTGATCTCCATCCTCA
RP ATGGACTCCACCTGGTTATGCC
fatty acid synthase FP TTCTACGGCTCCACGCTCTTCC
RP GAAGAGTCTTCGTCAGCCAGGA
AKT FP TGGACTACCTGCACTCGGAGAA
RP GTGCCGCAAAAGGTCTTCATGG
C-reactive protein FP TCGTGGAGTTCTGGGTAGATGG
RP TTCCCACCGAAGGAATCCTGCT
TLR4 FP CCCTGAGGCATTTAGGCAGCTA
RP AGGTAGAGAGGTGGCTTAGGCT
TLR9 FP TGAGCCACAACTGCATCTCGCA
RP CAGTCGTGGTAGCTCCGTGAAT
NLRP3 FP GGACTGAAGCACCTGTTGTGCA
RP TCCTGAGTCTCCCAAGGCATTC
JINK/MAPKS8 FP GACGCCTTATGTAGTGACTCGC
RP TCCTGGAAAGAGGATTTTGTGGC
ERK/MAPK3 FP TGGCAAGCACTACCTGGATCAG
RP GCAGAGACTGTAGGTAGTTTCGG
HMGCR FP GACGTGAACCTATGCTGGTCAG
RP GGTATCTGTTTCAGCCACTAAGG
NFkB FP GCAGCACTACTTCTTGACCACC
RP GCAGCACTACTTCTTGACCACC
Beta -ACTIN FP AGAGCTACGAGCTGCCTGAC
RP AGCACTGTGTTGGCGTACAG
AMPK FP AGGAAGAATCCTGTGACAAGCAC
RP CCGATCTCTGTGGAGTAGCAGT
PPAR-a FP TCGGCGAGGATAGTTCTGGAAG
RP GACCACAGGATAAGTCACCGAG
TNF-a FP ATCTGGAGGAAGCGGTAGTG
RP AATAGGTTTTGAGGGGCATG
IL6 FP CATCCTCGACGGCATCTCAG
RP ACCAGGCAAGTCTCCTCATTG
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Non-alcoholic fatty liver disease (NAFLD), a global health
burden linked to obesity, dyslipidemia and type 2 diabetes,
results in excessive triglyceride (TG) accumulation in
hepatocytes, progressing to non-alcoholic steatohepatitis
(NASH) in approximately 10% of cases, with severe risks of
cirrhosis and hepatocellular carcinoma (HCC)®. The lack of
approved pharmacological treatments underscores the
urgent need for innovative interventions such as probiotics,
which modulate the gut-liver axis to alleviate lipid
dysregulation and inflammation 7. This study demonstrates
that Enterococcus faecalis CGz3, a novel bile salt hydrolase
(BSH)-producing probiotic isolated from chicken gizzard,
significantly reduces lipid accumulation and inflammation
in an in vitro NAFLD model using HepG2 cells, offering a
promising therapeutic candidate.

AMPK activation inhibits ACC phosphorylation, reducing
malonyl-CoA production and subsequent fatty acid
synthesis, while up-regulating peroxisome proliferator-
activated receptor alpha PPARa enhances fatty acid
oxidation, mitigating steatosis?. The 30% reduction in
intracellular cholesterol observed with E. faecalis CGz3
treatment is attributed to its high BSH activity, which
deconjugates bile salts, reducing cholesterol absorption and
promoting its excretion*. Lactobacillus rhamnosus GG
decreased lipid accumulation by 18% and down-regulated
FAS and tumor necrosis factor-alpha (TNF-a) but not CRP*!
or ERK!. This mechanism disrupts enterohepatic
circulation, lowering hepatic cholesterol levels, a critical
factor in NAFLD pathogenesis.

The absence of significant sterol-regulatory-element-
binding protein 1-c (SREBP-1c) down regulation suggests
that E. faecalis CGz3 primarily inhibits lipogenesis through
AMP-activated  protein  kinase = (AMPK)-mediated
suppression of acetyl-CoA carboxylase (ACC) and fatty acid
synthase (FAS)?°. This dual action on lipid metabolism
positions E. faecalis CGz3 as a potent modulator of hepatic
lipid homeostasis.

Compared to other probiotics, E. faecalis CGz3 exhibits
superior efficacy. Lactobacillus johnsonii reduced hepatic
lipid accumulation by 25% in HepG2 cells, primarily via
PPARa up-regulation, but had limited effects on
inflammatory pathways like toll-like receptor 9 (TLR9) or
NOD-like receptor pyrin domain-containing 3 (NLRP3) 7.
Lactobacillus plantarum AR113 achieved a 20% reduction
in lipid content but showed weaker suppression of CRP and
ERK?. Bifidobacterium longum did not significantly affect
TLR9 or NLRP3?°. Lactobacillus acidophilus down
regulated FAS and TNF-a but had no significant effect on
NLRP3 or TLR9.

In contrast, E. faecalis CGz3’s comprehensive down-
regulation of FAS, ACC, TNF-a, CRP, TLR9, NLRP3 and
ERK and up regulation of AMPK and PPARa, highlight its
broader therapeutic impact, likely driven by its potent BSH
activity. This shows that alternative mechanisms may be the
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probiotic's main impacts on lipid metabolism and underscore
their unique BSH-mediated mechanism.

Inflammatory markers such as TNF-o, CRP and IL-6 are
central to the pathogenesis of NAFLD??224, TNF-a,
produced by Kupffer cells and infiltrating immune cells,
promotes lipogenesis through the mTOR complex-1
pathway. The inflammatory milieu in NAFLD, driven by
cytokines like TNF-a, is a key contributor to disease
progression via the mammalian target of the rapamycin
(mTOR) pathway, promoting lipogenesis and insulin
resistance?l. E. faecalis CGz3 significantly reduced TNF-«
expression, aligning with decreased NLRP3 inflammasome
activity, which is critical for interleukin-1 beta (IL-1pB)
production and caspase-1 activation. The NLRP3
inflammasome, which is essential for IL-1p production and
caspase-1 activation, was down regulated in E. faecalis
CGz3-treated HepG2-cells.

Similarly, the marked suppression of TLR9, but not toll-like
TLR4, suggests selective inhibition of innate immune
responses, potentially reducing chronic inflammation
without broadly disrupting immune signalling'®. Down-
regulation of c-Jun N-terminal kinase (JNK) and ERK,
members of the mitogen-activated protein kinase (MAPK)
family, further mitigates hepatic stress, lipid accumulation
and fibrosis, as these pathways regulate myofibroblast
phenotypes and diet-induced steatosis?®. The lack of
significant changes in nuclear factor-kappa B (NF-«xB),
protein kinase B (AKT) and interleukin-6 (IL-6) indicates
that E. faecalis CGz3 targets specific inflammatory
pathways, avoiding non-specific immune suppression,
which is advantageous for therapeutic safety.

The role of BSH in E. faecalis CGz3’s efficacy cannot be
overstated. BSH deconjugates bile acids, reducing
cholesterol solubility, which directly impacts hepatic lipid
accumulation. This mechanism also influences gut
microbiota composition, enhancing the gut-liver axis’s role
in systemic inflammation and metabolism. The up regulation
of PPARa not only enhances fatty acid oxidation but also
exerts anti-fibrotic effects by inhibiting hepatic stellate cell
activation. These multifaceted effects position E. faecalis
CGz3 as a candidate for synbiotic formulations where
prebiotics could enhance BSH activity and amplify
therapeutic outcomes.

The time-dependent cytotoxicity observed (viability >90%
at 6 hours but reduced at 12-24 hours) suggests a need to
optimize treatment duration. The lack of significant SREBP-
1c modulation indicates that E. faecalis CGz3’s effects are
independent of this factor, potentially relying on post-
transcriptional regulation via AMPK. The findings have
significant implications for NAFLD management, targeting
core pathological features and potentially halting
progression to non-alcoholic steatohepatitis (NASH),
fibrosis, or hepatocellular carcinoma (HCC). However,
limitations of the in vitro model necessitate in vivo studies to
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validate efficacy and safety. Clinical trials are critical to
assess E. faecalis CGz3’s translational potential.

Conclusion

This study establishes Enterococcus faecalis CGz3 as a
novel, high-BSH-producing probiotic with significant
potential for NAFLD management. Its novelty lies in
achieving a 30% reduction in lipid accumulation in HepG2
cells, surpassing the 18-25% reductions of comparator
probiotics like Lactobacillus johnsonii, Lactobacillus
plantarum AR113, Bifidobacterium longum, Lactobacillus
rhamnosus GG and Lactobacillus acidophilus and in its
comprehensive modulation of both lipid metabolism (via
AMPK, PPARo, FAS, ACC) and inflammatory pathways
(TNF-0, CRP, TLRY9, NLRP3, JNK, ERK), driven by potent
BSH activity that deconjugates bile acids to disrupt
cholesterol enterohepatic circulation.

Unlike existing strains, which fail to address key
inflammatory markers like TLR9 and NLRP3, E. faecalis
CGz3’s selective and broad-spectrum effects offer a ground-
breaking approach to tackling NAFLD’s multifaceted
pathology. E. faecalis CGz3 are promising, with potential
applications in synbiotic formulations combining prebiotics
to enhance BSH activity and gut microbiota modulation,
further amplifying its lipid-lowering and anti-inflammatory
effects. Its ability to target the gut-liver axis positions it as a
candidate for personalized nutrition strategies to prevent
NAFLD progression to NASH, fibrosis, or HCC.

Additionally, E. faecalis CGz3’s mechanism may extend to
related metabolic disorders, such as dyslipidemia and type 2
diabetes, given its impact on cholesterol metabolism and
insulin-sensitizing pathways like AMPK. Furthermore,
prioritizing in vivo studies in animal models validates E.
faecalis CGz3’s efficacy and safety, focusing on optimal
dosing and treatment duration to mitigate time-dependent
cytotoxicity observed at 12-24 hours. Clinical trials are
essential to assess translational potential, evaluating
biomarkers like serum lipids, liver enzymes and
inflammatory cytokines in NAFLD patients. Further
research should explore E. faecalis CGz3’s synergistic
effects with prebiotics and its impact on gut microbiota
composition to optimize therapeutic outcomes. These steps
will bridge the gap between in vitro findings and clinical
applications, positioning E. faecalis CGz3 as a pioneering
probiotic intervention for NAFLD.
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