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Background: The Forkhead transcription family member FOXA2 plays a fundamental role in
hepatocellular carcinoma (HCC) progression, but the precise interaction factor and molecular
regulation of FOXA?2 are not fully understood.

Objective: In this study, we found that FOXA2 could interact with sirtuin 6 (SIRT6) directly
in vivo and in vitro. We explored that the expressions of FOXA2 and SIRT6 were significantly
downregulated in human HCC and HCC cell lines.

Methods: Functionally, cell counting kit-8 assay and Transwell® assay were performed; we
demonstrated that the knockdown of FOXA2 and SIRT6 promoted HepG2 cells and Huh7 cells
proliferation and invasion in vitro.

Results: Mechanically, using luciferase reporter assay and fast chromatin immunoprecipitation
assay, we showed that FOXA?2 and SIRT6 regulated the expression of ZEB2 from transcription
level. ZEB2 suppression was involved in the anti-oncogenesis effect of FOXA2 and SIRT6. The
negative correlation between the expressions of ZEB2 and FOXA?2 or SIRT6 was observed in
the tissues of HCC patients.

Conclusion: Our findings indicated that the coordination function of FOXA2 and SIRT6
played a critical role in HCC progression and may serve as potential drug candidates for HCC.
Keywords: FOXA2, SIRT6, ZEB2, proliferation, invasion

Introduction
Hepatocellular carcinoma (HCC) is a major histological subtype of primary liver cancers
and a malignant tumor with high morbidity and mortality."? In addition, most patients
with advanced HCC still have poor prognosis; although in the past decades great efforts
have been made to improve the treatment of HCC, late diagnosis and lack of effective
treatment are still the main reasons for cancer-related death.’ Therefore, it is necessary
to understand the precise mechanisms of HCC for the early diagnosis and identify
specific biomarkers as well as novel therapeutic targets for the treatment of the disease.

Sirtuin 6 (SIRT6) is a family of (nicotinamide adenine dinucleotide)+-dependent
deacylases and has been reported to negatively regulate cellular senescence.* The
expression of SIRT6 in HCC cells is lower than that in primary human hepatocytes.’
SIRT6 has been reported to regulate glucose homeostasis in the liver.® The overex-
pression of SIRT6 could inhibit the phosphorylation of extracellular signal-regulated
kinases 1/2 and thus attenuate the tumor-suppressive effect in HCC.”

The mammalian Forkhead transcription factor FOXA?2 is a member of the forkhead
transcription factor family, which is a key regulator of cell proliferation and hepatic
energy metabolism.®® The abnormal expression of FOXA2 leads to the development
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of a number of cancers.'®!! More recently, the loss of FOXA2
could promote epithelial-mesenchymal transition (EMT)
and could promote metastasis of pancreatic cancer through
the regulation of E-cadherin.'”” Exogenous reexpression of
FOXA2 inhibits HCC cells invasion through suppression
of matrix metalloproteinase-9 (MMP-9),* which indicates
the suppression role of FOXA?2 in the metastasis of HCC.
However, whether FOX A2 has other potential target genes or
interaction factors in HCC still needs further investigation.

Material and methods

Cell culture and reagents

Human HCC cell lines HepG2 and Huh7 were purchased
from American Type Culture Collection (Manassas, VA,
USA). The immortalized normal liver epithelial cells L02
were purchased from Cell Bank of Chinese Academy of
Sciences (Shanghai, China). The above cells were cultured
in DMEM containing 10% fetal bovine serum (FBS; Gibco,
Grand Island, NY, USA) with 100 U/mL penicillin and 0.1
mg/mL streptomycin (Invitrogen, Frederick, MD, USA) at
37°C in a humidified chamber with 5% CO,.

Cell transfection

The HCC cells were seeded into plates and infected with
the relative lentiviral particles in DMEM containing 8 pg/
mL polybrene (Invitrogen); 24 hours after incubation, the
medium containing lentivirus was changed to DMEM, to
allow the cell growth to 100% density. Puromycin (Sigma-
Aldrich Co., St Louis, MO, USA) at 2 pg/mL was added to
each well to select transfection cells.

Ethics statement and tissues samples

We recruited 50 cases of HCC tissues in this study, and 20 cases
of adjacent nontumor liver tissues were used as control. Tis-
sues used were obtained from patients with written informed
consent. The study protocols were approved by the Second
People’s Hospital of Yunnan. HCC tissues and surrounding
nontumor hepatic tissues were obtained from patients who had
undergone curative resection for primary HCC from 2010 to
2013. The tissues were partly snap-frozen in liquid nitrogen
and stored at —80°C immediately after hepatectomy.

RNA isolation and reverse transcription-
quantitative polymerase chain reaction
(RT-qPCR)

Total RNA was extracted using TRIzol reagent (Invitrogen).
cDNA was prepared from total RNA using an iScript cDNA
Synthesis Kit (Bio-Rad Laboratories, Stanford, CA, USA).

RT-gPCR was done on the LightCyclerH according to the
manufacture’s recommendation (Roche Diagnostics, Penz-
berg, Germany). SYBR Green was used as a fluorescent dye
to determine the amplified PCR product. The relative gene
expression was calculated by using GeNorm software using
GAPDH as reference genes. The primer sequences were as
follows: SIRT6, sense 5S-CATGGAGGAGCGAGGTCT-3
and antisense 5-GCGTCTTACACTTGGCACA-3; FOXA2,
sense 5-TGGAGCAGCTACTATGCAG-3 and antisense
5-CGTGTTCATGCCGTTCATC-3; and GAPDH, sense
5-TCATTGACCTCAACTACATGGTTT-3 and antisense
5-GAAGATGGTGATGGGATTTC-3. For chromatin immu-
noprecipitation (ChIP) assay, the following primer sequences
were used: ZEB2, sense 5'-TAAAGAATGCCCCTATGC-3'
and antisense 5'-GGGACACCCTGACTAAAA-3".

Western blotting

Cell lysates were lysed by radio immunoprecipitation assay
(RIPA) lysis buffer, and total protein was extracted; 30
ug extracts were denaturated at 95°C for 5 minutes and
separated on 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred to
polyvinylidene fluoride membranes (Millipore, Billerica,
MA, USA). Nonspecific binding sites were blocked using
Rotiblock (Roth, Germany) in 1x Tris-buffered saline with
Tween-20 (TBST) buffer (Millipore). The membranes were
incubated with primary antibodies such as FOXA2 (sc-6554;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA),
SIRT6 (sc-517196), and anti-B-actin (#8457; Cell Signaling
Technology, Danvers, MA, USA) at 4°C overnight. After
washed with TBST for 5 minutes, the membranes were
incubated with horseradish peroxidase-conjugated second-
ary antibodies (Santa Cruz Biotechnology, Inc.) for 1 hour
at room temperature. Immunoreactive protein was visualized
by using a chemiluminescence reagent kit (NEN, Dreieich,
Germany) according to the manufacturer’s instructions.

Cell proliferation assay

Cell counting kit-8 (CCK-8; Dojindo Laboratories,
Kumamoto, Japan) assay was used for cell proliferation. The
relative cells were seeded into 96-well plates and cultured
overnight to allow for attachment. After the cells were serum-
starved for 8 hours, FBS was added into medium. At 0, 12,
24, 36, and 48 hours, 10 pL. CCK-8 solution was added to
the cells, and the mixture was incubated for 2 hours. The
optical density was analyzed at 450 nm (Tecan Ultra 384
reader; Tecan, Ziirich, Switzerland). All the experiments were
performed at least three times.
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Cell invasion assay

The invasion of cells was performed using Transwell® cham-
bers (Corning® 3422; Corning Inc., Corning, NY, USA). The
filters were precoated with Matrigel™ from BD Biosciences
(San Jose, CA, USA). Following the indicated treatment, the
cells (5x10° cells/200 uL) were seeded in the upper chamber
with serum-free medium. The bottom chamber was filled
with 1000 uL DMEM containing 10% FBS; 24 hours after
invasion, nonmigrating cells were removed with a swab, and
migrating cells on the bottom surface of the membranes were
fixed with 4% paraformaldehyde for 30 minutes, stained
with 0.1% crystal violet for 20 minutes, and counted under a
microscope (Leica DM 5000 B; Leica Microsystems, Wetzlar,
Germany) in five randomly selected fields; each experiment
was repeated at least three times.

Coimmunoprecipitation

The cells were lysed in RIPA buffers with cOmplete™ pro-
tease inhibitors (Sigma-Aldrich Co.). The relative antibodies
were added to the buffer at 4°C overnight; 50 pL protein G
magnetic beads (Invitrogen) were prerinsed with 200 uL
antibody binding buffer. After removal of the supernatant,
the beads were collected and incubated with the antibody
complex via vortexing for 30 minutes. The supernatant was
removed, and the antibody—protein—beads complex was
washed by using 200 uL RIPA buffer for three times. The
antibody—protein—beads complex was gently resuspended
with 20 pL elution buffer and subjected to SDS-PAGE fol-
lowed by Western blot analysis.

Luciferase reporter assay

A luciferase reporter assay was performed to detect the direct
binding of FOXA2 or SIRT6 to target genes. The 2.1-kb
DNA fragment upstream of the translation start of the ZEB2
was cloned into the pMIR-REPORT™ vector (Ambion®,
Austin, TX, USA) to form a wild-type luciferase reporter
vector (ZEB2-WT). To verify the binding specificity, the
putative binding sites (CACCT) were altered to GGACC
using a site-directed mutagenesis PCR with the KAPA HiFi
DNA polymerase (Peqlab Biotechnologie GmbH, Erlangen,
Germany) and also inserted into pMIR-REPORT vector to
generate a mutated luciferase reporter vector (ZEB2-Mut).
The cells were plated into 96-well plates and transiently
cotransfected with luciferase reporter vectors with relative
plasmid or siRNAs using Lipofectamine® 2000; 48 hours
after transfection, the relative luciferase activity was mea-
sured by using a Dual-Luciferase® Reporter Assay System
(Promega Corp., Madison, WI, USA) and analyzed using a

96-well plate luminometer immediately (Berthold Detection
System, Pforzheim, Germany). The luciferase activity was
normalized to that of Renilla luciferase activity.

Statistical analysis

Statistical analysis was performed by using SPSS 17.0 soft-
ware (IBM Corporation, Armonk, NY, USA). Data were
expressed as the mean =+ standard error. Student’s ¢-test and
one-way analysis of variance were used to determine the
statistical differences. P<0.05 was considered statistically
significant.

Results
FOXAZ2 interacts with SIRT6 directly in

vivo and in vitro

As known, the FOXA2 transcription factor is an essential
player in HCC progression; however, the coregulation factor
of FOXAZ2 is not completely understood. As van Gent et al'
reported, SIRT1, which was the most studied member of the
sirtuin family, could interact with FOXA?2 in vivo. We decided
to detect whether other members (SIRT2—SIRT?7) also inter-
act with FOXA2. Coimmunoprecipitation was performed
in HepG2 and Huh7 cells. Interestingly, only SIRT6 could
interact with FOXA?2 in vivo (Figure 1A and B). To further
examine the SIRT6—FOXA2 interaction in vitro, glutathione-
S-transferase (GST) pull-down assay was carried out to
analyze the molecular details involved in this interaction.
First, GST-fused FOXAZ2 construct was used and incubated
with the in vitro transcribed/translated SIRT6; GST vector
was used as a negative control. As shown in Figure 1C, the
binding of FOXA2 with SIRT6 was observed. The above data
indicated that FOXA?2 interacted with SIRT6 directly in vivo
and in vitro. Furthermore, we examined the in vivo interac-
tion between FOXA2 and the other members of the SIRT
family, such as SIRT1, SIRTS, and SIRT7. To our surprise,
only SIRT6 could interact with FOXA?2.

FOXAZ2 and SIRT6 are downregulated in

human HCC and cell lines

In order to investigate the potential role of FOXA2 and
SIRT6 in human HCC, we checked the expression profile
of FOXA2 and SIRT6 in HCC tissues and cell lines. The
mRNA levels of FOXA2 (Figure 2A) and SIRT6 (Figure 2B)
were significantly downregulated in human HCC tissues
compared with the normal adjacent tissues, which indicated
that FOXA2 and SIRT6 might have a role in the HCC pro-
gression. Furthermore, we compared the levels of FOXA2
and SIRT6 in immortalized normal liver epithelial cells L0O2
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Figure | FOXA?2 interacts with SIRT6 directly in vivo and in vitro.
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Notes: (A) Total proteins from HepG2 cells were extracted, and coimmunoprecipitation experiments were performed, IP with antibodies against FOXA2 followed by IB
with antibodies against SIRT6 or IP with SIRT6 followed by IB with FOXAZ2. (B) The relative co-immunoprecipitation experiments were performed in Huh7 cells. (C) GST
pull-down assays were performed with the GST-fused FOXA2 protein and in vitro transcribed/translated SIRT6. (D) Total proteins from HepG2 cells were extracted, and
coimmunoprecipitation experiments were performed, IP with antibodies against FOXA?2 followed by IB with antibodies against SIRTI, SIRTS, or SIRT7.

Abbreviations: GST, glutathione-S-transferase; IB, immunoblotting; IP, immunoprecipitation; SIRT, sirtuin.

and five HCC cell lines (HepG2, Huh7, Hep3B, SK-HEP-1,
and PLC/PRF5) by RT-qPCR. The results indicated that the
mRNA levels of FOXA2 and SIRT6 were lower in HCC cells
than in the normal hepatocytes cells (Figure 2C and D). In
summary, FOXA2 and SIRT6 were downregulated in human
HCC tissues and cell lines.

FOXA?2 and SIRT6 inhibit HCC cell

proliferation in vitro

In order to understand the function of FOXA2 and SIRT6 in
HCC, first, HepG2 or Huh7 cells were cultured to 70%—80%
of confluence and were transfected with FOXA2 siRNA or
SIRT6 siRNA or cotransfected with FOXA2 siRNA and
SIRT6 siRNA. Transfection efficiency was measured by RT-
gPCR and Western blotting; as shown in Figure 3A and B,
nearly 80% knockdown efficiency of FOXA?2 was achieved
by FOXA2 siRNA. The gene expression of SIRT6 was
nearly 85% downregulated by si-SIRT6. Furthermore, using
CCK-8 assay, we showed that FOXA2 or SIRT6 knockdown
promoted HCC cell proliferation; the knockdown of FOXA2
and SIRT6 could remarkably enhance HepG2 (Figure 3C) or
Huh?7 cells’ (Figure 3D) proliferation ability.

FOXA?2 and SIRT6 suppress HCC cell

invasion in vitro

We also evaluated the effect of FOXA2 or/and SIRT6
knockdown on HCC cells’ invasion ability. The knockdown
of FOXAZ2 or/and SIRT6 in HepG2 cells caused increased
invasion ability compared with that of the control cells; the
relative photos were shown in Figure 4A, and the relative
statistical analyses were shown in Figure 4B. Similarly, the
knockdown of FOXA2 or/and SIRT6 in Huh7 cells, which
have weak metastatic capabilities, also resulted in increased
invasion potential (Figure 4C).

FOXAZ2 and SIRT6 repress the expression

of ZEB2 transcriptionally

Snail, Slug, ZEBI1, ZEB2, and Twistl are key regulators in
the tumor metastasis program. We examined the expression
of these transcription factors to further investigate whether
the inhibition of these factors was involved in the inhibition
of HCC progression by FOXA2 and SIRT6. Since ZEB?2 is
known to be an initial factor for tumor metastasis, we exam-
ined the levels of ZEB2 in HCC cells with FOXA2 or/and
SIRT6 knockdown. Interestingly, the expression of ZEB2
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Figure 2 FOXA2 and SIRT6 are downregulated in human HCC and cell lines.

Notes: (A) Total RNA was extracted from HCC tissues and adjacent noncancer tissues and subjected to RT-qPCR; the expression of FOXA2 was measured; n=20 in non-
HCC group, and n=50 in HCC group. (B) mRNA level of SIRT6é was analyzed in the relative HCC tissues and adjacent noncancer tissues. (C) mRNA level of FOXA2 was
analyzed in immortalized normal liver epithelial cells L02 and five HCC cell lines (HepG2, Huh7, Hep3B, SK-HEP-1, and PLC/PRF5). (D) mRNA level of SIRT6 was analyzed
in the relative cell lines. All data were represented of three independent experiments. *P<0.05, **P<0.01.

Abbreviations: HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; SIRT, sirtuin.

was significantly increased in HepG2 cells compared with
the expression of control groups measured from mRNA and
protein levels (Figure 5A). Similar results were also observed
from Huh cells (Figure 5B). To explore the potential mecha-
nisms of FOXA2- and SIRT6-mediated regulation on ZEB2,
the effect of FOXA2 and SIRT6 on ZEB2 transcription was
then examined with reporter assay using pGL3 plasmids con-
taining putative ZEB2-binding sites. As shown in Figure 5C,

knockdown of FOXA2 or/and SIRT6 induced the luciferase
activity of pGL3-ZEB2, whereas no effect of FOXA2 or/
and SIRT6 was found in the pGL3-ZEB2 mutant plasmid
(Figure 5D). ChIP assay further confirmed the direct binding
of FOXAZ2 and SIRT6 on the promoter of ZEB2 (Figure S5E).
We further confirmed that the overexpression of FOXA2 and
SIRT®6 inhibits the activity of the ZEB2-specific promoter in a
synergistic manner, as the knockdown of SIRT6 could abolish
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Figure 3 FOXA2 and SIRT6 inhibit HCC cells proliferation in vitro.

Notes: (A) FOXA2 or SIRT6 gene expression was measured after functional knockdown of FOXA2 or SIRT6 in HepG2 cells transfected with FOXA?2 siRNA or SIRTé
siRNA or cotransfected with FOXA2 siRNA and SIRT6 siRNA. The scramble siRNAs were used as negative controls; RT-qPCR and Western blotting were performed,
in three independent experiments. (B) The relative experiments were carried out in Huh7 cells. n=3 independent experiments; *P<0.05, **P<0.01. (C) CCK-8 assay was
performed in HepG2 cells transfected with FOXA2 siRNA or SIRT6 siRNA or cotransfected with FOXA2 siRNA and SIRT6 siRNA. (D) The relative CCK-8 assay was
performed in Huh7 cells. *P<0.05.

Abbreviations: CCK-8, cell counting kit-8; HCC, hepatocellular carcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; SIRT, sirtuin; OD,
optical density; NC, negative control.
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Figure 4 FOXA2 and SIRT6 suppress HCC cells invasion in vitro.
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Notes: (A) The effects of FOXA?2 or/and SIRTé knockdown on invasion ability of HepG2 cells in vitro were examined by Transwell assay, and representative images are
shown. (B) The statistical analysis was shown, and the data were represented as mean * SD. *P<0.05, **P<0.01. (C) The above Transwell assay was performed in Huh7 cells,

and the statistical analysis is shown.

Abbreviations: HCC, hepatocellular carcinoma; SIRT, sirtuin; NC, negative control.

the inhibition effect of FOXA2 overexpression on ZEB2 pro-
moter (Figure 5F). As MMP9 worked as a downstream target
for ZEB2, we also detected the effect of FOXA2 and SIRT6
on the expression of MMP9. To our expectation, knockdown
of FOXA2 or/and SIRT6 could remarkably induce the mRNA
levels of MMP9 (Figure 5G).

ZEB2 suppression is involved in the anti-
oncogenesis effect of FOXA2 and SIRT6

To determine the role of ZEB2 in the anti-metastasis effect of
FOXA2 and SIRT6, we first transfected HepG2 or Huh 7 cells
with ZEB2 siRNA; the knockdown efficiency was measured
from mRNA and protein levels; as shown in Figure 6A, 88%
knockdown efficiency was achieved. Further, FOXA2 siRNA,
ZEB2 siRNA, or both constructs were transfected into HepG2
or Huh7 cells (Figure 6B); the CCK-8 assay showed that the
promoting effect of FOXA2 knockdown on the proliferation
of HepG2 cells was partially reversed by ZEB2 silencing.

Consistently, the promoting effect of SIRT6 knockdown was
also reduced by knockdown of ZEB2 (Figure 6C). Transwell
assay revealed that the invasion capacity of HepG2 or Huh7
cells transfected with both constructs (siFOXA2 and siZEB2)
was significantly reduced as compared with siFOXA?2
transfection groups (Figure 6D). Similarly, cotransfection
of siSIRT6 and siZEB2 also showed the reduced invasion
ability (Figure 6E).

Negative correlation between the

expression of ZEB2 and FOXAZ2 or SIRT6

To clarify the underlying role of ZEB2 in HCC progression,
we examined the expression of ZEB2 in the HCC specimens
by RT-qPCR. As shown in Figure 7A, the expression of ZEB2
was increased compared with the relative paired noncancer-
ous adjacent tissues. Moreover, the mRNA level of ZEB2 was
significantly higher in HCC cells than that in the normal liver
epithelial cells L02 (Figure 7B). This further indicated the
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Figure 5 FOXA2 and SIRT6 repress the expression of ZEB2 transcriptionally.

Notes: (A) RT-qPCR and Western blot analysis of ZEB2 expression in HepG2 cells infected with FOXA2 siRNA or SIRT6 siRNA or cotransfected with FOXA?2 siRNA and
SIRT6 siRNA. (B) The relative experiments were carried out in Huh7 cells. n=3 independent experiments; *P<0.05, **P<0.01. (C) The transcriptional activity of the reporter
pGL3-ZEB2 plasmids was assessed in HepG2 or Huh7 cells transfected with FOXA?2 siRNA or SIRT6 siRNA or cotransfected with FOXA?2 siRNA and SIRT6 siRNA. The data
were represented as the mean * SD. Renilla luciferase activity was normalized to that of firefly luciferase. (D) The transcriptional activity of the reporter pGL3-ZEB2 mutant
plasmids was assessed. (E) qChIP assay was performed in HepG2 or Huh7 cells to confirm the binding of FOXA?2 and SIRT6 on the promoter of ZEB2. n=3 independent
experiments; *P<0.05, **P<0.01. (F) The transcriptional activity of the reporter pGL3-ZEB2 plasmids was assessed in HepG2 or Huh7 cells transfected with FOXA2 plasmids
or SIRT6 plasmids or cotransfected with FOXA?2 plasmids and SIRT6 siRNA. (G) RT-qPCR was used to analyze MMP9 expression in HepG2 cells infected with FOXA2 siRNA
or SIRT6 siRNA or cotransfected with FOXA2 siRNA and SIRT6 siRNA.

Abbreviations: HCC, hepatocellular carcinoma; qChlP, fast chromatin immunoprecipitation; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; SIRT,
sirtuin; NC, negative control.
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Figure 6 ZEB2 suppression involved in the anti-oncogenesis effect of FOXA2 and SIRT6.

Notes: (A) RT-qPCR and Western blot analysis of ZEB2 expression in HepG2 cells or Huh7 infected with ZEB2 siRNA, of three independent experiments; *P<0.05,
**P<0.01. (B) CCK-8 assay was assessed in HepG2 or Huh7 cells transfected with FOXA2 siRNA or cotransfected with FOXA2 siRNA and ZEB2 siRNA. The scramble
siRNAs were used as negative controls. (C) CCK-8 assay was assessed in HepG2 or Huh7 cells transfected with SIRT6 siRNA or cotransfected with SIRT6 siRNA and ZEB2
siRNA. The scramble siRNAs were used as negative controls, of three independent experiments; *P<0.05, **P<0.01. (D) Transwell assay was assessed in HepG2 or Huh7
cells transfected with FOXA?2 siRNA or cotransfected with FOXA?2 siRNA and ZEB2 siRNA. The scramble siRNAs were used as negative controls. (E) Transwell assay was
assessed in HepG2 or Huh7 cells transfected with SIRT6 siRNA or cotransfected with SIRT6 siRNA and ZEB2 siRNA. The scramble siRNAs were used as negative controls,
of three independent experiments; *P<0.05.

Abbreviations: CCK-8, cell counting kit-8; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; SIRT, sirtuin; OD, optical density; NC, negative control.
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Figure 7 The negative correlation between the expression of ZEB2 and FOXA?2 or SIRT6.

Notes: (A) mRNA level of ZEB2 was analyzed in the relative HCC tissues and adjacent noncancer tissues. (B) mRNA level of ZEB2 was analyzed in immortalized normal
liver epithelial cells L02 and five HCC cell lines (HepG2, Huh7, Hep3B, SK-HEP-1, and PLC/PRF5). The data were represented as mean + SD. *P<0.05, **P<0.01. (C) The
correlation between the expression of FOXA2 and ZEB2 was measured in the HCC tissues. (D) The correlation between the expression of SIRT6 and ZEB2 was measured

in the HCC tissues.

Abbreviations: CCK-8, cell counting kit-8; HCC, hepatocellular carcinoma; SIRT, sirtuin.

negative correlation by the expression of ZEB2 and FOXA?2 or
SIRT6. The analysis of 50 HCC specimens by RT-qPCR revealed
a negative relationship between the expression of FOXA2 and
ZEB2 (Figure 7C); also the negative relationship was observed
between the expression of SIRT6 and ZEB2 (Figure 7D).

Discussion
The effects of SIRT6 are complicated and contradictory in
different tumor types. As reported, in pancreatic cancer,'
non-small-cell lung cancer,'¢ and breast cancer,'” SIRT6 may
work as a tumorigenic gene. While in head and neck squa-
mous cell carcinoma, SIRT6 is downregulated in cancerous
tissues compared with noncancerous tissues.'® In ovarian can-
cer, SIRT6 is downregulated and acts as a tumor suppressor. '
In our study, we reported that SIRT6 interacted with
FOXAZ2 to inhibit the expression of ZEB2 and worked as
a tumor suppressor in HCC cells. As Zhang and Qin’ and
Sebastian et al? reported, the expression of SIRT6 was down-

regulated in HCC tissues, and knockdown of SIRT6 could
promote HepG2 cell growth; these findings are consistent
with our study findings.

Because of early metastasis and invasion, the 5-year
postsurgery survival rate of HCC is still very low.?! The
molecular mechanisms underlying the HCC remain to be
explored. The aberrant activation of EMT is an important
step for tumor cell invasion and metastasis.?>?> ZEB2 has
been identified as a transcriptional factor that is important
for the process of EMT.?*? In HCC cells, ZEB2 expression
is induced and thus upregulated the MMP gene family dur-
ing HCC progression.?® However, the regulation of ZEB2
is still unknown. In our study, we explored the inhibition
of ZEB2 by FOXA2 and SIRT6, and the downregulation
of ZEB2 was associated with the reduction of tumor cell
proliferation and invasion in HCC cells. It is better to per-
form some in vivo experiments in the future to make the
study more compellent.
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Conclusion

The present study demonstrated that ZEB2 might function as a
novel therapeutic target for HCC. In our study, we revealed the
mechanism that FOXA2 and SIRT6 inhibited the expression of
ZEB2 in a coordinated manner, and cotransfection of FOXA2
and SIRT6 resulted in a drastic change in the expression of
ZEB?2 than the transfection of FOXA2 or SIRT6 separately.
Although FOXA2 is generally considered as a transcriptional
activator, more and more groups have proved that FOXA2
also works as a transcriptional repressor depending on the
target genes.">?” In our study, based on the ChIP assay and
luciferase reporter assay, we found that FOXA2 could directly
transcriptionally repress ZEB2. Since SIRT6 usually functions
as a histone H3K9Ac deacetylase to repress the transcriptional
activities of target genes,?® we made the hypothesis that SIRT6
might repress the expression of ZEB2 by removing H3K9Ac.
The evidences were as follows: by the knockdown of either
SIRT6 or FOXA2, the level of H3K9Ac was significantly
increased. Furthermore, although SIRT6 also works as a
nonhistone deacetylase, we did not detect any acetylation site
on FOXA2 (data not shown). When FOXA2 was depleted, the
recruitment of both FOXA?2 and SIRT®, as the target promot-
ers, was dramatically reduced. Based on the above experiments,
we make the conclusion that as a transcriptional repressor
factor, FOXA2 serves as a recruiter of SIRT6 to the ZEB2
promoter in order to change the acetylation status of H3K9Ac.
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