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Abstract
Hepatocellular carcinoma (HCC) remains a major global health problem with high incidence and mortality. Diagnosis of
HCC at late stages and tumour heterogeneity in patients with different genetic profiles are known factors that complicate the
disease treatment. HCC therapy becomes even more challenging in patients with drug resistance such as resistance to
sorafenib, which is a common drug used in HCC patients. Sorafenib resistance can further aggravate HCC by regulating
various oncogenic pathways such as autophagy and nuclear factor-kappa Beta (NF-ĸβ) signalling. Sirtuin 1 (SIRT1), is a
nicotinamide adenosine dinucleotide (NAD)-dependent histone deacetylases that regulates various metabolic and oncogenic
events such as cell survival, apoptosis, autophagy, tumourigenesis, metastasis and drug resistance in various cancers, but its
role in HCC, particularly in sorafenib resistance is underexplored. In this study, we generated sorafenib-resistant HepG2 and
Huh-7 liver cancer cell models to investigate the role of SIRT1 and its effect on autophagy and nuclear factor-kappa Beta
(NF-ĸβ) signalling pathways. Western blot analysis showed increased SIRT1, altered autophagy pathway and activated NF-
ĸβ signalling in sorafenib-resistant cells. SIRT1-silenced HCC cells demonstrated down-regulated autophagy in both
parental and chemoresistant cells. This may occur through the deacetylation of key autophagy molecules such as FOXO3,
beclin 1, ATGs and LC3 by SIRT1, highlighting the role of SIRT1 in autophagy induction. Silencing of SIRT1 also resulted
in activated NF-ĸβ signalling. This is because SIRT1 failed to deacetylate p65 subunit of NF-κB, translocate the NF-κB from
nucleus to cytoplasm, and suppress NF-κB activity due to the silencing. Hence, the NF-κB transcriptional activity was
restored. These findings summarize the role of SIRT1 in autophagy/NF-ĸβ regulatory axis, with a similar trend observed in
both parental and sorafenib-resistant cells. The present work promotes a better understanding of the role of SIRT1 in
autophagy and NF-ĸβ signalling in HCC and sorafenib-resistant HCC. As some key proteins in these pathways are potential
therapeutic targets, a better understanding of SIRT1/autophagy/NF-ĸβ axis could further improve the therapeutic strategies
against HCC.
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Introduction

Liver cancer is the third leading cause of cancer-related
death worldwide in 2020 [1], being more common in sub-
Saharan Africa and Southeast Asia. Hepatocellular carci-
noma (HCC) is the major type of liver cancer followed by
cholangiocarcinoma. In total, 80% of HCC patients are
diagnosed at advanced stage with a reported median sur-
vival of 6–8 months [2]. Sorafenib is the first-line targeted
therapy for advanced HCC and has also shown excellent
effects with recurrent tumours [3]. However, acquisition of
chemoresistance remains the main challenge which renders
the treatment ineffective [2].

Sirtuin 1 (encoded by SIRT1 gene), a NAD-dependent
class III deacetylase, is mainly localized in the nucleus and
is a key regulator for cell proliferation and apoptosis.
Transcription factors such as p53, E2F1, FOXO, NF-ĸβ and
c-Myc have been identified as the targets for SIRT1 [4], and
these interactions give rise to cancer development and
metastasis in various cancers [5–7]. In HCC, overexpression
of SIRT1 could drive tumour cell survival and growth
[8–10], and promote metastasis [11]. SIRT1 localizes pre-
dominantly in the nucleus where it promotes tumorigenesis,
while it has been reported that cytoplasmic sirtuin 1 may
have a tumour-suppressive role in HCC [12, 13]. SIRT1 is
also known to regulate chemoresistance in various cancers
such as ovarian, breast and gastric cancers [14–16], but the
role of SIRT1 in HCC chemoresistance is underexplored.

Autophagy is a self-digestive defensive mechanism that
degrades damaged cellular organelles and wastes through
lysosomal degradation. Over the years, the dysregulation of
autophagy has also been associated with various cancers
including colorectal cancer (CRC) [17] and HCC [6].
Autophagy could either promote or suppress tumour growth
in HCC and is regulated by sirtuin 1 and other pathways
involving proto-oncogenes or tumour suppressors such as
PI3K, AKT, mTOR and TP53 [6]. Interestingly, autophagy
is also known to associate with drug resistance for HCC
[18, 19]. However, the underlying mechanisms involving
autophagic proteins and the related signalling pathways are
not known.

Nuclear factor kappa B (NF-ĸβ) signalling is the main
pathway in inflammation and other cellular respincluding
cancer. SIRT1 can inhibit NF-ĸβ signalling directly or
indirectly [20] while NF-ĸβ subunits such as p65 and p50
transcription factors could target downstream targets of
SIRT1 and inhibit the function [21]. Many studies have also
reported the crosstalks between NF-ĸβ signalling and
autophagy in cancer where autophagy could either promote
or inhibit tumour growth by regulating NF-ĸβ pathway [22].

In this study, we generated sorafenib-resistant cells using
HepG2 and Huh-7 liver cancer cell lines and used these
models to investigate the role of SIRT1 and its effect on

autophagy and NF-ĸβ signalling pathways. We demon-
strated the increased SIRT1 expression, altered autophagy
pathway and activated NF-ĸβ signalling in sorafenib-
resistant cells. Knockdown of SIRT1 inhibited autophagy
in both parental and chemoresistant cells. In contrast, NF-ĸβ
signalling was not affected by knockdown of SIRT1 in all
cells. Our findings reveal the key role of SIRT1 in activating
autophagy pathway in both parental and chemoresistant
HCC cells. Interestingly, silencing of SIRT1 activated NF-
ĸβ signalling, and this could also be led by the SIRT1-
mediated downregulation of autophagy. This study pro-
motes a better understanding of the role of SIRT1 in
autophagy and NF-ĸβ signalling in HCC and sorafenib-
resistant HCC, and this could improve the current ther-
apeutic strategies against HCC and chemoresistant HCC.

Methods

Cell culture

HepG2 was purchased from AddexBio (#C0015002). Cells
were maintained in Roswell Park Memorial Institute Med-
ium (RPMI) supplemented with 10% foetal bovine serum
(FBS) and 1% penicillin/ streptomycin. Huh-7 was pur-
chased from Abcam (#T112). Huh-7 cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) supple-
mented with 10% FBS and 1% penicillin/streptomycin.

IC50 determination of sorafenib

Cells were seeded onto a 96-well plate with a density of
5000 cells per well for 24 h. Once adhered, cells were
treated with sorafenib (#HY-10201, MedChemExpress) at
various final concentrations (0 to 100 µM) for 72 h. Next,
10 µL of MTS reagent (#G3582, CellTiter 96 Aqueous One
Solution, Promega) was added to each well and incubated at
37 °C for 4 h as previously described [23, 24]. Next, the
absorbance was measured at 490 nm by a microplate reader
(Tecan). Cell viability versus drug concentration graphs
were plotted. The IC50 of sorafenib towards each cell type
were obtained from an online IC50 calculator (AAT bio-
quest) as previously described [25, 26].

Generation of sorafenib-resistant cells

Chemoresistant cells were generated following a protocol
described previously [27]. Cells were seeded in 10 cm dish
with a density of 1.5 × 106 cells per dish. Once adhered,
medium containing IC50 concentration of drugs were added
and incubated for 72 h. Then, the drug-containing medium
was replaced with fresh complete medium and incubated for
another 72 h. The medium was then replaced again with
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medium containing IC50 concentration of drugs and incu-
bated for 72 h for the second round. The medium was
replaced as mentioned above. The medium was changed
every 3–4 days for one to two weeks. The surviving cells
from the first cycle (termed as HepG2-S1, Huh-7-S1) were
pooled and replated onto 10 cm dish for the next treatment
cycle using two times IC50 (2X IC50). The steps were
repeated following a dose escalation of drug concentration
until the surviving chemoresistant cells were generated. We
managed to generate sorafenib-resistant HepG2 up to the
forth cycle (HepG2-S4) and Huh-7 up to the fifth cycle
(Huh-7-S5), respectively.

Clonogenic assay

Clonogenic assay was performed on a 6-well plate as pre-
viously described [26]. Cells ranging from a density of 100
to 100,000 cells per well were seeded onto the plate. After
24 h, cells in each plate were treated with five different
concentrations (0, 6.25, 12.5, 25, 50 µM) of sorafenib. After
72 h of incubation in 37 °C, 5% CO2 incubator, medium
containing sorafenib was removed and the cells were cul-
tured in fresh complete medium for additional 7–10 days for
visible colony formation. At the end of incubation, medium
was removed and the cells were washed with 1 mL PBS.
The cells colonies were fixed in 10% formalin for 15 min
before they were stained with 0.25% w/v crystal violet
(#548-62-9, Merck) in 95% ethanol. After air drying, the
images of the plates were captured and colonies with more
than 50 cells per well were quantified and counted using
Image J software (NIH). Plating efficiency (PE) and sur-
viving fractions (SF) were calculated following the equa-
tions below:

%PE ¼ number of colonies formed under untreated conditions
number of seeded cells

� 100

%SF ¼ number of colonies formed after treatment
number of seeded cells

� 100

Sirtuin 1 knock-down by siRNA transfection

Lipofectamine 3000 (#L3000015, Invitrogen) was used to
transfect the cells with FlexiTube siRNA (target sequence:
AGCCATCGGAATGTTAAATTA, #1027417, Qiagen
Biotechnology) to silence the sirtuin 1 expression in cells.
Nonsilencing siRNA (AllStars Negative Control, #1027280,
Qiagen Biotechnology) was used as a control siRNA in this
experiment. Cells were seeded onto a 12-well plate at den-
sity of 2 × 105 cells/well a day before the transfection.
Transfection was performed following the manufacturer’s
instruction. The cells were monitored for any morphological
changes or cell death under the microscope. After 48 h, cells
were trypsinized and harvested for subsequent assay.

Western blot analysis

Cells were harvested and lysed in RIPA lysis buffer (50mM
Tris-HCl, pH 7.5, 150mM NaCl, 0.1% SDS, 1% Triton X-
100, 5mM EDTA) containing protease inhibitor cocktain
(#78430, Thermo Scientific) and PMSF (#36978, Thermo
Scientific). The protein concentration was determined by BCA
(Bicinchoninic Acid) reagent using Pierce™ BCA Protein
Assay Kit (#23225, Thermo Scientific) following the manu-
facturer’s instruction. Samples were loaded for SDS-PAGE
analysis followed by immunoblot on PVDF membrane
(#GE10600023, Merck). Primary antibodies: ABCB1(#13978)
(1:1000), ABCC1(#72202) (1:1000), ABCG2(#42078 S)
(1:1000), Beta-actin(#3700 S) (1:1000), p62/SQSTM1(#5114)
(1:1000), LC3A(#4599 S) (1:1000), LC3B(#3868 S) (1:1000),
Beclin-1(#4211) (1:1000), sirtuin 1 (#8469) (1:1000), RelA/
p65(#4764) (1:1000), c-Rel(#4727) (1:1000) and p105/
p50(#3035) (1:1000) purchased from Cell Signalling Tech-
nology were used followed by respective secondary antibodies:
anti-mouse(#7076) (1:3000), anti-rabbit(#7074) (1:3000) from
Cell Signalling Technology. Bands were visualized using
electrochemiluminescence (ECL) buffers (#K-12045-D20,
Advansta) and captured using ImageQuant™ LAS 500 (GE
Healthcare). The densitometric analysis was performed using
Image J software (NIH), normalized by beta-actin expression.

Statistical analysis

Independent experiments were performed three times and the
data were expressed as the mean ± standard deviation for all
triplicates within an individual experiment. Data were ana-
lyzed with one-way ANOVA with Tukey post-hoc test using
Graphpad. p < 0.05 was considered statistically significant.

Results

Sensitivity of hepatocellular carcinoma cells to
sorafenib

Concentration-dependent inhibition was observed in all
sorafenib-treated cells (Fig. 1). Resistant cells showed less
sensitivity to sorafenib compared to non-resistant or parental
cells. In HepG2 cells, the IC50 values for the resistant (S4) and
parental cells were 31.8 and 5.5 µM, respectively (Fig. 1a). In
Huh-7 cells, the IC50 values for the resistant (S5) and parental
cells were 50 and 7.7 µM, respectively (Fig. 1b). The IC50

values were approximately 6– and 7-fold higher in sorafenib-
resistant HepG2 and Huh-7 cells, respectively, suggesting the
successful establishment of chemoresistant cell lines. The
resistant HepG2-S4 and Huh7-S5 cells could grow up to 4
and 5 repetitive cycles of sorafenib treatment, respectively but
could not form surviving subclones in the further cycles.
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Clonogenic survival assay

To evaluate clone-forming capacity of resistant cells follow-
ing sorafenib treatment, we then performed a clonogenic
assay. As shown in Fig. 2, number of visible colonies reduced
in both HepG2 and Huh-7 cells following the increase of
sorafenib concentration. Parental HepG2 was more suscep-
tible to sorafenib compared to the resistant cells. This differ-
ence is more apparent at concentration of 25 µM where only a
few colonies are seen in parental cells while more colonies are
seen in resistant counterparts (Fig. 2a). Similarly, an increased
number of surviving colonies were seen in Huh7-S5 at
12.5 µM, but not in the parental cells (Fig. 2b). Figure 2c
shows the survival fraction of the cells treated with sorafenib.
Both HepG2 and Huh-7 cells showed sustained and higher
survival at increasing concentrations of sorafenib.

Expression level of multidrug resistance (MDR)
markers

Increased expression of ABC transporters such as ABCB1,
ABCC1 and ABCG2 are often seen in drug-resistant cells,
hence they are readily used as drug resistance markers in
cancer cells. Figure 3a shows the western blot analysis of

the markers while Fig. 3b shows the densitometry analysis
of the bands. Elevated expression of ABCB1 and a slight
increase of ABCG2 were observed in both resistant cells
compared to the parental cells. ABCB1 drastically increased
in HepG2-S2 and Huh7-S5 while only a low to modest
increase was seen in HepG2-S4 and Huh7-S3 compared to
the parental cells. Expression level of ABCC1 was also seen
between Huh7-S3 and Huh7-S5, but surprisingly found to
reduce in resistant HepG2 cells compared to the parental
cells. Collectively, the elevated IC50 values, formation of
resistant subclones, and increased expression of ABCC1
and ABCG2 transporters supported that the resistant HCC
cells conferred resistance to sorafenib.

Changes of SIRT1, autophagy and NF-ĸβ in
chemoresistant HCC cells

Compared to parental cells, high expression of SIRT1 was
seen in chemoresistant HepG2 and Huh-7 cells, especially
with higher expression levels in later cycles (Fig. 4a). In
chemoresistant Huh-7 cells, reduced LC3A-I and LC3B-I
expression, and increased LC3A-II and LC3B-II expression
were observed, suggesting the conversion of LC3-I to LC3-
II and reflecting the progression of autophagy. However, the
activation of autophagy was not seen in chemoresistant
HepG2 cells, suggesting that this upregulation could be cell-
dependent (Fig. 4b).

When NF-ĸβ proteins were assessed, increased expres-
sion of subunits such as RelA/p65 and cRel were seen in
chemoresistant HepG2 and Huh-7 cells compared to the
parental counterparts (Fig. 4b). This suggests the upregu-
lation of NF-ĸβ signalling in the chemoresistant cells.

Effect of SIRT1 knock-down on autophagy and NF-
ĸβ signalling

Decreased expression of SIRT1 was observed after siRNA
silencing in all HCC cells (Figs. 5a, 6a). In parental HepG2
cells, increased LC3A-II expression was seen compared to
the mock-transfected control, but not in LC3B-II expression.
Decreased LC3A-I and LC3B-I expression were seen which
suggested the LC3-I to LC3-II conversion. However, this
was not seen in HepG2-S4 resistant cells which showed
decreased LC3A-I and II expression and comparable level of
LC3B-I and II (Fig. 5b). In addition, decreased p62 and
beclin-1 expression were consistently seen in both parental
and resistant HepG2 cells. Overall this shows the down-
regulation of autophagy following the silencing of SIRT1. In
NF-ĸβ signalling, increased RelA/p65 and p50 expression
but reduced cRel expression were seen in SIRT1-silenced
HepG2 parental cells. In contrast, increased cRel expression
was seen in HepG2-S4 resistant cells, but reduced expres-
sion of NF-ĸβ subunits, p50 and p105 were observed.

Fig. 1 Sensitivity of non-resistant and chemoresistant hepatocellular
carcinoma (HCC) cells to sorafenib treatment. (a) HepG2, and (b)
Huh-7. Inset table shows different concentrations of sorafenib used to
repetitively treat HCC cells to generate different cycles of chemore-
sistant cells. *p < 0.05, **p < 0.01, ***p < 0.001
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In parental Huh-7 cells, decreased expression of LC3A-II
and LC3B-II, and increased expression of LC3A-I and LC3B-
I were observed in the SIRT1-knocked down cells compared
to the mock-transfected cells (Fig. 6b). Similar trend was also
observed in Huh7-S5 resistant cells, suggesting that autop-
hagy was not active after the knock-down of SIRT1.
Decreased p62 and beclin-1 expression were also seen in both
parental and resistant Huh-7 cells. In NF-ĸβ signalling,
increased expression of RelA/p65 and cRel was observed in
Huh-7 cells. Similarly, NF-ĸβ signalling was activated in
Huh7-S5 resistant cells as shown by the increased expression
of RelA/p65 and p50. Decreased expression of p105 was
observed in both parental and resistant Huh7 cells.

Discussion

Increased IC50 values of sorafenib in HCC cells (5.5 and
7.7 µM in HepG2 and Huh-7 to 31.8 and 50 µM,

respectively) confirmed the acquired sorafenib resistance.
From a previous study, IC50 of HepG2 (6 µM) and Huh-7
cells (5 µM) was shifted to ±16 µM after long-term exposure
to increasing sorafenib [28]. While another study reported
the increased IC50 of sorafenib-resistant HepG2 and Huh-7
from approximately 5 and 7.5 µM, to 17.5 and 20 µM,
respectively [29]. The variation of IC50 value after gaining
sorafenib resistance could be due to the different methods
used for generating resistant cells as well as different
sources and passages of cells and sorafenib. Sorafenib
resistance is known to involve ABC transporters, which
efflux drugs from cancer cells and reduce the effectiveness
of chemotherapy [30]. Consistent with Wang et al. [31], the
sorafenib-resistant HCC cells showed higher expression of
ABCB1 and ABCG2. However, only an increased level of
ABCC1 was seen in resistant Huh-7, but not in HepG2 cells
which is contradictory to a report by Chow et al. [32] which
demonstrated increased ABCC1-3 expression in sorafenib-
resistant HepG2 cells. This variation could be due to the

Fig. 2 Clonogenic assays of
chemoresistant HCC cells and
the survival fractions. Colony-
forming assays of (a) HepG2;
and (b) Huh-7 cells and the
corresponding graphs showing
the total number of colonies
following different
concentrations of sorafenib; (c)
survival fraction calculations of
HepG2 (left) and Huh-7 (right)
cells. *p < 0.05, **p < 0.01,
***p < 0.001
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gradual development of sorafenib resistance in the cells
which affected the intracellular concentrations of ABC
transporters, and hence resulting in the heterogeneous
expression [33]. Furthermore, colony-forming assay also
demonstrated the increased clonogenic capacity of surviv-
ing sorafenib-resistant cells compared to parental cells.
These resistant cells were then utilized as models to
investigate the expression level of SIRT1, autophagy, NF-
ĸβ signalling, and their interactions.

Interaction of sirtuin 1 and autophagy has been pre-
viously studied in melanoma [34] and gastric cancer [35],
but little is known in HCC. Our findings showed that sirtuin
1 expression was upregulated in sorafenib-resistant cells,
and the activation of autophagy was cell-dependent. Acti-
vated autophagy was seen in Huh-7 cells but opposite effect
was seen in HepG2 cells after they acquired sorafenib
resistance. Autophagy has been reported to support cell
survival in sorafenib-resistant HCC [36, 37]. Glucose
deprivation can activate AMPK and ULKI complex by
phosphorylation followed by PI3K complex which binds to
beclin 1 to activate LC3 proteins to induce autophagy [35].
AMPK can also activate SIRT1 and induce autophagy

through deacetylation of ATGs genes [35]. In another study,
SIRT1 deacetylates FOXO3 which then reduce oxidative
stress induction and inhibit cell apoptosis to promote cell
survival [38]. Deacetylation of FOXO3 may also induce
autophagy as previously reported [35, 39]. SIRT1 can also
directly act on and deacetylate nuclear LC3 protein under
starvation to induce autophagy [40]. Similarly, SIRT1 may
induce autophagy through deacetylation of NF-ĸβ subunits,
p65 and p50 to activate NF-ĸβ signalling pathway [35].
While much evidence highlight that SIRT1 most likely
upregulates autophagy, it may also inhibit autophagy
through p53 [35]. Deacetylation of p53 may suppress p53-
dependent apoptosis, therefore leading to cell survival and
promote chemoresistance [38]. This could be the reason
why inhibited autophagy was observed in HepG2 sorafenib-
resistant cells in our present study, which warrants future
investigations.

Our findings demonstrate that NF-ĸβ signalling was also
upregulated in HCC cells after acquiring sorafenib resis-
tance. Sorafenib might have activated AMPK signal [19],
leading to SIRT1 upregulation in a NAD+ -dependent

Fig. 3 Expression level of chemoresistance proteins in chemoresistant
HCC cells. a Western blot analysis using ABCB 1, ABCC 1, ABCG 2
and β-actin (endogenous control) antibodies in HepG2 (left) and Huh-
7 (right) cells. b Densitometry analysis of ABCC 1, ABCC 1 and
ABCG 2 expression in HepG2 (left) and Huh-7 (right) cells using
ImageJ software (normalized with β-actin expression). P parental;
*p < 0.05, **p < 0.01, ***p < 0.001

Fig. 4 Increased expression of Sirtuin 1, autophagy and NF-ĸβ sig-
nalling in chemoresistant cells. a Western blot analysis using sirtuin 1,
autophagy, NF-ĸβ proteins, and β-actin antibodies in HepG2 (left) and
Huh-7 (right) cells. b Densitometry analysis of autophagy (left) and
NF-ĸβ (right) protein expression using ImageJ software (normalized
with β-actin). P parental; *p < 0.05, **p < 0.01, ***p < 0.001
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manner [35]. SIRT1 then deacetylates p65 and p50, thereby
activating NF-ĸβ signalling pathway [35]. Both SIRT1 and
NF-ĸβ signalling have been previously shown to upregulate
ABC transporters, thereby reducing drug accumulation in
cancer cells [41. 42]. Sorafenib could affect autophagy
process by chemically modifying beclin 1 through ubiqui-
tination and acetylation, thereby affecting the activity of
beclin 1 [19]. Beclin 1 is upregulated by sorafenib which is
then ubiquitinated by LATS1 to inhibit autophagy and
promote sorafenib resistance [19]. Sorafenib may also affect
the formation of LC3-II, resulting in autophagy inhibition
and drug resistance [19]. On the other hand, activation of
NF-ĸβ could induce autophagy through regulation of p62
and LC3-II.

To investigate the role of SIRT1 in autophagy regulation
and NF-ĸβ signalling in HCC chemoresistance, SIRT1 in
HCC cells was knocked down using siRNA, and the
changes of autophagy and NF-ĸβ signalling were evaluated.
Following the knock-down, autophagy was downregulated
in both parental and sorafenib-resistant cells, while NF-ĸβ
signalling was activated. This suggests the autophagy pro-
cess is highly regulated by SIRT1. The acquired

chemoresistance did not affect the effect of SIRT1 knock-
down on both autophagy and NF-ĸβ signalling since similar
trends were seen in both parental and sorafenib-resistant
cells. Interestingly, activated NF-ĸβ signalling was
observed after SIRT1 knock-down. This could be explained
by the reduced expression of SIRT1 which functions to
inactivate activity of NF-ĸβ by driving the translocation of
NF-ĸβ complex from the nucleus back to cytoplasm [21].
As autophagy is reported to degrade NF-ĸβ signalling
components and subsequently inactivate NF-ĸβ pathway
[43], the activated NF-ĸβ signalling in this study may also
due to the downregulated autophagy. However, it is more
likely that other target genes such as TNF, RANKL and IL6
[44] interact and activate NF-ĸβ signalling in HCC as the
result of SIRT1 knock-down. Future investigations are
required to evaluate the involvement of other genes, pro-
teins or pathways in SIRT1/autophagy/NF-ĸβ
regulatory axis.

There are several limitations in this study. Since the role
of SIRT1 in down-regulating autophagy pathway may be
cell-dependent, it is logical to include more HCC cell lines

Fig. 5 Effect of situin-1 silencing on autophagy and NF-ĸβ signalling
in HepG2 cells. a Western blot analysis using sirtuin 1, autophagy,
NF-ĸβ proteins, and β-actin antibodies in parental (left) and resistant
(right) HepG2 cells. b Densitometry analysis of autophagy (left) and
NF-ĸβ (right) protein expression using ImageJ software (normalized
with β-actin). UT untreated, MT mock transfected, ST siRNA trans-
fected, *p < 0.05, **p < 0.01, ***p < 0.001

Fig. 6 Effect of situin-1 silencing on autophagy and NF-ĸβ signalling
in Huh-7 cells. a Western blot analysis using sirtuin 1, autophagy, NF-
ĸβ proteins, and β-actin antibodies in parental (left) and resistant
(right) Huh-7 cells. b Densitometry analysis of autophagy (left) and
NF-ĸβ (right) protein expression using ImageJ software (normalized
with β-actin). UT untreated, MT mock transfected, ST siRNA trans-
fected, *p < 0.05, **p < 0.01, ***p < 0.001
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or more clinically relevant models such as organoids from
HCC patients or patient-derived xenograft (PDX) in future
study. Ideally, normal hepatocytes should also be included
to examine the role of SIRT1 in the related pathways in the
non-cancer state. Due to the technical constrains, only
limited key proteins of autophagy and NF-ĸβ pathways
were selected and investigated in current study. In future
work, more target proteins or genes such as ATGs and
FOXO3 for autophagy, IKB and p65 for NF-ĸβ pathways or
other target gene such as p53, can be included to provide a
more comprehensive understanding of the role of SIRT1 in
autophagy, NF-ĸβ and other related pathways.

Conclusion

We conclude that SIRT1 and NF-ĸβ signalling are activated
in sorafenib-resistant cells. SIRT1 is found to primarily
activate autophagy pathway in both parental and sorafenib-
resistant cells. Reduced level of SIRT1 led to NF-ĸβ acti-
vation, but other intermediate proteins or pathways may
have been involved which require future investigations.
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