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Purpose: Cancer stem cells (CSCs) have been considered involving in tumorigenesis, local
recurrence, and therapeutic drug resistance of hepatocellular carcinoma (HCC). To investi-
gate novel and effective methods for targeting hepatic CSCs is crucial for a permanent cure
of liver cancer.

Methods: The expression level of SIRT1 was detected in CSCs of HCC tissues and cancer
cell lines. Expression of CSC markers, the self-renewal and tumorigenic ability of liver CSCs
were analyzed with SIRT1 inhibition. Cellular senescence-related markers were used to
detect CSCs senescence after inhibition of SIRT1.

Results: SIRT1 was highly expressed in CSCs of HCC cell lines and human HCC tissues. In
vitro study revealed that decreasing of SIRT1 level significantly downregulated the stemness-
associated genes of liver CSCs and reduced the CSC stemness properties. Also, down-
regulated SIRT1 suppressed liver CSCs proliferation by decreasing their self-renewal abil-
ities. Furthermore, CSCs with decreased SIRT1 expression showed limited tumorigenicity
and formed smaller HCC tumor in vivo. And SIRT1 decreased CSCs became more suscep-
tible to chemotherapeutic drugs. Mechanistically, SIRT1 decreased CSCs became senescence
through the activation of p53-p21 and p16 pathway. The data further indicated that the tumor
formed from SIRT1-knockdown CSCs exhibited higher
galactosidase (SA-B-Gal) activity but lower proliferative capacity.

senescence-associated -

Conclusion: Taken together, these findings pointed that induction of senescence in liver
CSCs is an effective tumor suppression method for HCC, and SIRT1 may be served as
a promising target for HCC treatment.

Keywords: SIRT1, hepatocellular carcinoma, liver cancer stem cells, cellular senescence,

stemness, self-renewal

Introduction

Hepatocellular carcinoma (HCC), as the most commonly primary liver tumor, is
considered to be the sixth most prevalent malignancy and the second leading cause
of cancer-related death worldwide.'* The incidence of HCC has been increasing in
recent decades.” In the past decade, due to recurrence and chemoresistance, 5-year
survival rate of HCC patients remains at about 30%.* In tumors, cancer stem cells
(CSCs), also named tumor-initiating cells (TICs) are thought to have potential for
self-renewal and could generate a variety of differentiated cells, and thus drive the
tumorigenesis.® Previous studies showed that CD13, CD133, EpCAM and other
biomarkers could be used to identify liver CSCs.”® Accumulating evidence have
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showed that CSCs are less susceptible to chemotherapy

and radiotherapy,lof12

which partly contribute to the recur-
rence of HCC in patients. Therefore, elucidation of the
precise mechanisms underlying CSCs on HCC progression
and development of novel therapeutic target for CSCs are
essential for improving the current poor prognosis.

Recent study has been suggested that inducing cellular
senescence might be a promising strategy for treating
cancer.'® Cell cycle arrest is a typical characteristic of
cellular senescence.'* Normal cells undergo senescence
or death, and then are cleared by the body’s immune
system. But tumor cells acquire mutations that cause
them to escape from the normal cell cycle destiny.'> By
intervening the cell cycle progression of tumor cells,
senescence induction was considered as a potent protec-
tion for malignant transformation.'® Indeed, abundant evi-
dence have indicated that cellular senescence is one of the
tumor suppressor mechanisms.'” 2° For example, inhibi-
tion of aspartate B-hydroxylase reduces human HCC cell
proliferation by inducing cellular senescence,”’ while
knockdown of Aridlb promotes to HCC formation by
blocking cell senescence.”” Hence, limiting capacity of
self-renewal and differentiation by inducing CSCs senes-
cence might be a more effective strategy to inhibit HCC
development.

However, the underlying mechanisms between stem
cells’ decline and CSC initiation are still ambiguous.
NAD+-dependent deacetylase SIRT1, one of the most
conserved longevity genes, is reported to participate in
endocrine mechanism, aging, and
SIRT1 has been reported to act as
a potential oncogene, it is usually overexpressed in various

stress response,

cancer.”® As

kinds of CSCs including breast cancer, colorectal cancer,
leukemia and HCC. Furthermore, overexpression of SIRT1
is found to promote cancer development and is closely
associated with poor prognosis in patients.”*>® Recent
studies also demonstrate that SIRT1 overexpression is
responsible for chemoresistance in cancers.”’° Similarly,
SIRT1 is also involved in aging and aging reversal of
tissue-specific stem cells. For example, SIRT1-deletion
caused a profound decline in hematopoietic stem cells
(HSC) self-renewal and recapitulated the main properties
of aged HSCs in young HSCs.>' And SIRT1 overexpres-
sion ameliorated aged mesenchymal stem cells (MSCs)
senescent phenotype.32

Considering that CSCs in tumor play a vital for self-
renewal and contribute to a new tumor generation, as well
as the biological effect of SIRT1 on cancer and stem cell

senescence, inhibition of SIRT1 expression might be
a therapeutic intervention by inducing liver CSCs to senes-
cence and alleviating the insensitivity to chemoresistance.
In this study, we found that SIRT1 was highly expressed in
the CSCs of human HCC tissues and HCC cell lines
compared with the non-CSCs. Decreased SIRT1 level by
short hairpin RNA (shRNA) intervention could signifi-
cantly downregulate the stemness-associated genes and
self-renewability  of CSCs.
Mechanistically, we identified that decreased SIRT1 level
could induce CSCs senescence through activation of the
p53-p21 and pl6 pathway. Of note, liver CSCs with SIRT1

inhibition produced smaller HCC tumors in vivo and

decrease  the liver

exhibited higher senescence-associated [-galactosidase
(SA-B-Gal) activity. These findings indicated that the
SIRT1'- mediated CSC senescence provided a molecular
mechanism underlying the tumorigenic suppression of
CSCs.

Materials and Methods

Cells and Tissue Samples

Human HCC cell lines (SMMC-7721, Huh7, Hep3B,
LM3) were purchased from FuHeng Cell Center,
Shanghai, China. HepG2 and 293T were purchased from
ATCC, Virginia, US. SK-Hepl and PLC/PRF5 were pur-
chased from OBIO, Shanghai, China. Primary cultured
human liver cancer cell line (CLC4 and CLCI13) were
gifts from Dr Hui Lijian’s Lab (CEMC, CAS, Shanghai,
China) and maintained according to their published litera-
ture. HepG2, SMMC-7721, Huh7, Hep3B, LM3, PLC/
PRF5 and 293T were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM; Gibco, Grand Island, NY, US)
supplemented with 10% fetal bovine serum (FBS; Gibco),
penicillin (100 mg/mL) and streptomycin (100 U/mL)
(Gibco). Human HCC cell line SK-Hepl were cultured
in Minimum Essential Medium (MEM; Gibco) supple-
mented with 10% FBS, 100 mg/mL penicillin and 100
U/mL streptomycin. CLC4 and CLCI13 were maintained
in RPMI1640 (Gibco) with 10% FBS, ImM sodium pyr-
uvate, 10 pg/mL insulin, 5.5 pg/mL transferrin, 40 ng/mL
epidermal growth factor (EGF), and 6.7 ng/mL sodium
selenite (Gibco). All cells were grown in an atmosphere
containing 5% CO2 at 37°C. Human liver cancer speci-
mens were obtained from the Eastern Hepatobiliary
(Shanghai, China), with
approval of the Institutional Review Committee of

Surgery Hospital/Institute
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Shanghai Eastern Hepatobiliary Surgery Hospital and writ-
ten informed consent of all patients.

Lentiviral Production and Infection
Lv-PNanog-GFP lentivirus was purchased from OBiO
Technology (Shanghai). For Lentivirus-based shRNA knock-
down systems, pLKO.1 is a replication-incompetent lentiviral
vector chosen by the TRC for expression of shRNAs under the
control of the human U6 promoter. The SIRT 1-specific shRNA
targeting sequences were purchased from Sigma-Aldrich. The
oligonucleotide sequences of shRNA are: shSIRTI-1: 5'-
TACGATACAAGGCTGTTAGAGAG-3'; shSIRT1-2: 5'-
CAGGTCAAGGGATGGTATTTA-3"; shSIRT1-3: 5-CA
TGAAGTGCCTCAGATATTA-3"; shSIRT1-4: 5'-GCGGC
TTGATGGTAATCAGTA-3; shScrambled: 5'-CGT
ACGCGGAATACTTCGA-3'. The oligos were cloned into
the pLKO.1 TRC-cloning vector according to the Addgene’s
pLKO.1 protocol. The lentivirus was produced by transfecting
shRNA plasmid, lentiviral packaging plasmids psPAX2 and
pMD2.G into HEK-293T cells with PEI transfection method.
The medium containing the lentivirus was harvested by filtra-
tion after 48 and 72 hours of transfection. For lentiviral infec-
tion, cells were firstly plated into 6-well plates at 5x10* cells
per well for 24-36h with a density of 50-70%, 100 pL lenti-
virus-PNanog-GFP or lentivirus-shSIRT1 with 1x10*TU/mL
were respectively added in media and then replace with the cell
media containing the viral mix. After 24h infection, virus-
containing media was removed and replaced with normal
media. Following infection, cells taking up virus were selected
using 10 pg/mL puromycin, and lentiviral infected cells were
analyzed by the next experiments.

RNA Isolation, RT-PCR and Quantitative
PCR

Total RNA was extracted from cultured tumor cells, using
the RNAiso Plus (Takara, Dalian, China) according to the
manufacturer’s instructions. All reverse-transcriptase reac-
tions were carried out with SuperScript II reverse transcrip-
tase (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s protocol. Quantitative PCR was performed
using primers and reagents on LightCycler 480 (Roche,
Indianapolis, IN, USA). All samples were run in triplicate.
Fold change was calculated by the 2-AAcr method.™

Western Blot
Cell or tissue lysates were made in RIPA buffer supple-
mented with protease inhibitors cocktail and PMSF.

Proteins were separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and then
transferred to polyvinylidene fluoride (PVDF) membranes
(Merck Millipore, Temecula, CA, US). Membranes were
blocked in 5% milk/TBST 1h at the room temperature and
then incubated in primary antibodies (Table S1) overnight
at 4°C. After being washed by TBST three times, the
membranes were incubated with HRP-conjugated second-
ary antibodies at 37°C for 30 minutes. Proteins were
detected by PierceR ECL Western Blotting Substrate
(Thermo Fisher, Waltham, MA, US).

Immunohistochemistry (IHC) and

Immunocytochemistry (ICC)
For THC staining, paraffin sections (2um-thick) were de-
paraffinized with xylene and ethanol, and incubated in
0.01 M citrate buffer (pH 6.0) at 121°C/100 kpa for 3
minutes to retrieve antigen. Samples were incubated with
primary antibodies (Table S1) at 4 °C overnight, and then
washed by PBS three times and incubated with fluorescent
dye- or HRP-conjugated secondary antibody at 37 °C for
30 minutes. Nuclei were labeled with Hoechst 33,342 for
fluorescent dye. DAB (Thermo Fisher) was used for HRP-
conjugated antibody followed by counterstaining with
hematoxylin (Sigma-Aldrich, St. Louis, MO, US) and
covering in neutral balsam (Solarbio, Beijing, China).
For ICC staining, monolayer cells grown on coverslips
were fixed with 4% PFA, and then permeabilized with
0.3% Triton X-100. Followed by block with 1% BSA at
room temperature for 20-30 minutes. After that, cells were
incubated with primary antibodies (Table S1) at 4 °C
overnight, and then incubated with fluorescent dye-
conjugated secondary antibody for 30 minutes at 37 °C.
Nuclei were labeled with DAPI.

EdU Proliferation Assay

Cells were seeded in 24-well plates with cell slides. Cell
proliferation was detected using the EQU Cell Proliferation
Assay Kit (Invitrogen). According to the manufacturer’s
protocol, the cells were incubated with EdU for 1-2
h before fixation, permeabilization and staining. The pro-
portion of cells that incorporated EAU was determined by
fluorescence microscopy.

Colony Formation Assays
For clone formation efficiency assay, 600 HepG2 cells or
900 SMMC-7721 cells were plated per well on six-well
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plates with culture medium for 2 weeks. Then, the clones
were fixed by 4% formaldehyde and dyed with crystal
violet and clone numbers (=50 cells) were counted
microscopically.

Sphere Formation Assays

For sphere formation efficiency assay, a total of 5000 cells
were seeded into ultra-low attachment six-well plates (BD
Biosciences, San Jose, CA, USA). Cells were cultured in
DMEM/F12 supplemented with B27 (Gibco), N2 (Gibco),
20 ng/mL EGF and 20 ng/mL basic fibroblast growth
factor (bFGF), 10 ng/mL hepatocyte growth factor
(HGF) and 1% methyl cellulose (Sigma-Aldrich) was
added to prevent cell aggregation. Cells were cultured in
37°C f incubator with 5% CO, for 2 weeks, and the
numbers of spheres (diameter >75um) were counted.

SA-B-Gal Activity

Fix the cells planted on the six-well plates or the frozen
tissue slices in advance using the fixative solution for 10
minutes according to the manufacturer’s instructions. After
being washed with PBS, cells or tissue slices were stained
with SA-B-Gal kit (Abcam, Cambridge, UK) at 37°C.
Microscopic observation of cells stained blue, the percen-
tage of which reflects the number of senescence-associated
cells. For frozen tissue sections, the nucleus was stained
with nuclear fast red.

Animal Studies

All animal experiments were performed in accordance
with the National Institutes of Health Guidelines for the
Care and Use of Laboratory Animals. The study was
approved by Animal Care and Welfare Committee of
Second Military Medical University. For tumor formation
assay, 107, 10°, 10* cells mixed respectively with Matrigel
at ratio of 1:1 and injected subcutaneously into the nude
mice, the mice were sacrificed 1-2 months after inocula-
tion. Tumors were harvested, counted and photographed.

Statistical Analysis

All data were presented as the mean + SD. Statistical
Analyses were conducted by GraphPad Prism 6.0. The
Student’s ¢ test was used when two groups were compared.
P < 0.05 was considered statistically significant and is
marked with “*”. P < 0.01 was considered highly statisti-
cally significant and is marked with “**”

Results
SIRT | is Highly Expressed in Liver CSCs
of Human HCC Specimens and Cell Lines

Consistent with the previous studies,”” immunohistochem-
istry and Western blot assays revealed that SIRT1 expres-
sion was significantly elevated in tumor tissues compared
with paired normal liver tissues in most patients
(Figure 1A-C). Notably, we observed a strong distinct
staining for SIRT1 with predominant nuclear location
(Figure 1C) in HCC tissues. As known that liver CSCs
closely contribute to HCC recurrence and chemoresis-
tance, we analyzed the expression of SIRTI in liver
CSCs. Two surface markers of CSCs were co-staining
with SIRT1 in HCC tissues. As shown in Figure 1D and
1E, SIRT1 was highly expressed in CD13 and EpCAM-
positive cells. And we found that more than 60% CD13 or
EpCAM-positive cells expressed SIRT1, while less than
15% CD13 or EpCAM negative cells expressed SIRT1
(Figure 1F). These results indicated that the expression
of SIRT1 was positively correlated with CSCs of HCC.

Moreover, there was universally higher expression of
SIRT1 in most human HCC cell lines (HepG2, CLC13,
Hep3B, LM3, SMMC-7721, and SK-Hepl) (Figure 2A).
Among these hepatoma cell lines, HepG2 and SMMC-
7721 were chosen for subsequent experiments. To demon-
strate whether SIRT1 was overexpressed in liver CSCs of
HCC cell lines, we used the lentiviral fluorescent reporter
system (Lv-Pnanog-GFP) (Figure 2B) to isolate liver CSCs
(Nanog™ cells) and non-CSCs (Nanog"¢ cells) from
HCC cell lines (HepG2 and SMMC-7721) (Figure 2C).**
Stemness-associated genes were analyzed by qPCR and
the data showed that the levels of Nanog, OCT4, SOX2,
CD13, and EpCAM were higher in sorted Nanog"® cells
than that in Nanog"°® cells (Figure 2D). Western blotting
demonstrated that the expression level of SIRT1 was
obviously increased in liver CSCs than that in non-CSCs
(Figure 2E and F). Meanwhile, immunofluorescence stain-
ing also demonstrated that SIRT1 was higher expressed in
Nanog™ liver CSCs than that in Nanog"\¢ cells
(Figure 2G). These data confirmed that SIRT1 was over-
expressed in human HCC cell lines, especially in Nanog"®®
liver CSCs.

Inhibition of SIRT | Expression Decreases

the Stemness Properties in Liver CSCs
To investigate the effect of SIRT1 on liver CSCs function,
shRNA was used and SIRT1-knockdown hepatoma stem
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cells were constructed. We designed four shRNAs that
target SIRT1, and found shSIRT1-2 was the most efficient
one for inhibition of SIRT1 expression by Western blotting
analysis (Figure 3A). Firstly, the determination of
NANOG by flow cytometry indicated the decreased
Nanog™ liver CSCs after SIRT1 inhibition (Figure 3B).
Then, the mRNA expression levels of pluripotent tran-
scription factors and surface markers of CSCs (including
NANOG, SOX2, OCT4, CD13, CD44 and EpCAM) were
detected by qPCR, and we found that the stemness-
associated transcription factors and CSC surface markers
were significantly downregulated with SIRT1 knockdown
(Figure 3C). Immunofluorescence staining indicated that
the proportion of EpCAM-positive cells was also signifi-
cantly reduced in SIRTI-silenced CSCs (Figure 3D).
These findings demonstrated that decreasing SIRT1 level
in liver CSCs strongly reduced the stem-like phenotype.

SIRT| Knockdown Suppresses the

Self-Renewal of Liver CSCs

To test the biological functions of SIRTI on the self-
renewal capacity of liver CSCs, we first performed the
EdU incorporation assay to detect the cell proliferation.
The result showed that SIRT1 knockdown significantly
reduced the number of S-phase CSCs (Figure 4A and B).
CSCs have the ability to form large colonies with a single
cell, and this clonogenic activity is considered as an
important indicator of undifferentiated state.*” In agree-
ment with this notion, our data showed that accompanied
with the lower proliferative capacity, the size and number
of colonies were decreased in SIRT1-knockdown CSCs
(Figure 4C and D). To further investigate the effect of
SIRT1 on CSC self-renewal, sphere formation assay was
performed. As shown in Figure 4E and 4F, in vitro spher-
oid formation assay showed that repression of SIRT1 level
in Nanog"® liver CSCs could significantly suppress the
capacity of spheroid formation. Furthermore, sensitivity to
sorafenib and cisplatin of SIRT1-inhibition in CSCs of
HepG2 and SMMC-7721 was examined (Figure 4G and
H). For shScrambled groups, the sorafenib ICs, values
were (18.16 = 0.40 uM) and (20.82 + 0.53 pM), respec-
tively; the cisplatin ICs, values were (51.81 £ 1.08 pg/mL)
and (34.54 + 0.85 pg/mL), respectively. For SIRTI-
inhibition groups, the sorafenib ICs, values of HepG2
and SMMC-7721 CSCs were (11.91 + 0.42 pM) and
(15.42 + 0.35 uM), respectively; the cisplatin 1Cs, values
were (13.92 + 0.36 pg/mL) and (9.54 + 0.23 pg/mL),

respectively. These data suggested that repression of
SIRT1 in liver CSCs leads to decreasing resistance to
chemotherapeutic drugs.

SIRT| Knockdown Suppresses the

Tumorigenesis of Liver CSCs

Next, we explored the contribution of SIRT1 to the tumor-
igenicity of liver CSCs by applying the subcutaneous
tumor formation model of nude mice. In vivo limited
dilution assay revealed that compared to implanted with
the scramble CSCs, the number of animals that developed
tumors was markedly reduced when implanted with the
same numbers of SIRT1-silenced CSCs (Figure 5A). For
example, 83.3% of the mice grew tumors when 1000
SMMC-7721 CSCs were implanted, but there was only
33.3% of mice developed tumors when implanted with
SIRT1 silenced CSCs (Figure 5A). And the tumor size
from the SIRT1 silencing group was visibly smaller than
that from the control group (Figure 5B). Similar results
were obtained in HepG2 stem cells with SIRT1 knock-
down. In addition, we performed immunohistochemistry
staining of the forming tumor tissues which was removed
from mice. The results showed that the tumor tissues
generated from liver shSIRT1 CSCs group exhibited
lower SIRTI1 levels (Figure 5C and D). Similarly, with
SIRT1 knockdown, the EpCAM-positive CSCs were sig-
nificantly reduced in the formed tumor after CSCs implan-
tation (Figure S5E and F). Taken together, SIRTI
knockdown of CSCs inhibited their capacity of self-
renewal and tumorigenic potential.

Liver CSCs Become Cellular Senescence
via Activating p53-p21 and pl6 Pathways
After SIIT| Inhibition

SIRT1 has been reported to be involved in aging and
cellular senescence, but it is also considered as an effective
mechanism of tumor suppression.’® > We hypothesized
that CSCs senescence induced by SIRT1 inhibition might
be account for the decreased capacity of liver CSCs self-
renewal and tumor formation. To further confirm this
hypothesis, SA-B-Gal activity was used to investigate
whether CSCs became senescence with SIRT1 knock-
down. We found that SA-B-Gal activity was significantly
increased in CSCs from two HCC cell lines after stably
transfected with shSIRT1 hairpins (Figure 6A). We also
observed that the senescent cells became enlarged and flat
(Figure 6A). The senescence program can be initiated by
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multiple factors, such as cell cycle inhibitor proteins p53,
p21, and p16™4+49241 OPCR and Western blotting assay
showed the expression of p21, p53 and pl6 was signifi-
cantly increased upon SIRT1 silencing in all two liver
CSCs (Figure 6B and C). Meanwhile, we examined the

levels of p53-p21 and pl6 pathway-related proteins
including CDK2 and CDK4. The data showed that the
expression levels of CDK2 and CDK4 were decreased
when inhibiting SIRT! (Figure 6D). These findings
implied that downregulated SIRT1 induced cellular
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senescence might be the main mechanism underlying the
decreased self-renewal and suppressed tumorigenicity of
liver CSCs. Moreover, the canonical p53-p21 and pl6
signaling pathways was activated during cellular
senescence.

Next, the tumor tissues formed with control and
shSIRT1 CSCs implantation were analyzed with senescent
and proliferative markers. The number of SA-B-Gal acti-
vated cells in the formed tumor was significantly increased
in the SIRT1 silencing group when compared with the
untreated group (Figure 7A). Moreover, a similar result
was found by P21 staining (Figure 7B and C). However,

a decreased expression of Ki67 was observed in tumor

A

SMMC-7721 CSCs shScrambled

sections from shSIRT1 CSCs implantation (Figure 7D
and E). These results revealed that SIRT1 knockdown
induces the liver CSCs senescence and inhibits the cell
growth in vivo.

Discussion

Frequent recurrence and therapeutic resistance are consid-
ered as a significant obstacle of HCC treatment, both of
which was owing to the activation of CSCs. And liver
CSCs have been reported to play an important role in
maintaining hepatic tumorigenic properties.*> Thus, under-
standing of the molecular mechanisms on CSC initiation
for tumor recurrence could be of great clinical benefit.
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Figure 7 Decreased SIRT| expression induces cellular senescence of CSCs in tumor tissues. (A) Representative images for SA-B-Gal activity in formed tumor after SIRT|
knockdown. (B) Expression of p2| was detected in tumor sections by IHC staining. (C) Graph showed the quantification of p21-positive cells. (D) IHC staining was used to
determine the expression of Ki67 in tumor sections. (E) Graph showed the percentage of Kié7-positive nuclei in tumor sections. All values presented as mean % S.D. *p <

0.01. Scale bar, 100 pm.
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SIRT1 has been reported to serve as an oncogene in HCC,
which
tumorigenesis.*> Moreover, SIRT1 is reported to contri-

contributes to tumor cell growth and
bute to maintain self-renewal and differentiated capacity of
HSCs, especially under cellular stress progress.** It has
been reported that the SIRT1= mediated b-catenin over-
CSCs

tumorigenesis.*> However, our study revealed that

expression promoted liver self-renewal and
decreased the expression of SIRT1 could significantly
induce liver CSCs became senescence, which was the
key mechanism for the suppression of liver CSCs’ self-
renewal and oncogenesis. We showed that expression of
SIRT1 was co-localized with stem markers including
EpCAM and CDI13 in HCC tissues, which suggested
a positive correlation between SIRT1 and liver CSCs bio-
logical function.

It has been reported that several surface markers
including CD133, CD90, CD13, CD24, and EpCAM
were used to isolate the CSCs from HCC.*¢->° However,
the exact biomarkers of CSCs and how they participated in
the biological functions of CSCs in HCC is still unclear.
The transcription factor Nanog is reported to contribute to
maintain the stemness features of embryonic stem cells. Its
expression is observed in germ cell induced tumors,
embryonic carcinoma, and HCC.** Of note, Nanog level
is observed to significantly increased in CSC group, and
Nanog displays a high correlation with tumor formation
and stem cell behavior.**>! Furthermore, recent studies
have shown that Nanog-positive cancer cells not only
express the stem cell markers, but also have the ability
of self-renewal, colony formation, and differentiation for
generating a new tumor.”’** Therefore, lentiviral reporter
system (Lv-Pyanog-GFP) used as described can isolate the
liver CSCs. In the study, we found that SIRT1 was higher

Pos stem cells while that was in a lower

expressed in Nanog
level in Nanog"°® cells. However, the stemness properties
of Nanog™® liver CSCs from HCC attenuated after
decreasing the SIRT1 level. Inhibition of SIRT1 in CSCs
also reduced expression of stemness-associated genes,
such as OCT4, SOX9, CDI13, CD24, and EpCAM.
Further study indicated that SIRT1 knockdown signifi-
cantly reduced the CSCs’ capacity to self-renew. In vivo
tumor formation decreased when implanted with SIRT1
silencing liver CSCs, implying the potential decrease of
HCC recurrence owing to inhibition of CSC self-renewal
and tumorigenicity with SIRT1 knockdown.

One important reason for hepatocyte carcinoma devel-
opment is that pre-malignant hepatocytes escape normal

cell cycle arrest.’”* Cellular senescence could be consid-
ered as a key mechanism to block proliferation of tumori-
genic cells.’”>*> Therefore, switching the quiescent or
proliferative CSCs to senescent state will have potential
clinical applications in improving the survival of HCC.
Our results showed that the SIRT1 knockdown increased
the CSCs SA-B-Gal activity and cell cycle arrest with
feature of senescence. Activation of p53/p21 and pl6
pathways was the molecular mechanism involved in cel-
lular senescence.*”*' And we confirmed that inhibition of
SIRT1 activated the expression of p53, p21, and plé6.
Furthermore, SIRT1 knockdown liver CSCs produced
smaller HCC tumors in vivo but expressed higher SA-p-
Gal activity. Therefore, SIRT1 intervention mediated cel-
lular senescence provides a molecular mechanism under-
lying the tumorigenic suppressor of CSCs.

In summary, we showed that high expression of SIRT1
was found in liver CSCs of clinical human HCC speci-
mens. Then, inhibition of SIRT1 expression deduced the
stemness of liver CSCs, decreased several stemness-
associated genes, as well as decreased the self-renewal
capacity. SIRT1 silencing CSCs suppressed their tumori-
genesis in vivo and limited the tumor growth.
Mechanistically, inhibition of SIRT1 induced CSC senes-
cence via the p53-p21 and pl16 pathway activation. Our
work highlights reduced SIRT1 expression promotes
senescence of liver CSCs to inhibit their self-renewal and
tumorigenesis, which is a potential strategy for decreasing
HCC recurrence.
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