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Abstract: Nasopharyngeal carcinoma (NPC) is a head and neck cancer with severe local invasion and early distant 
metastasis. SIRT6 serves as a critical modulator of the development and metastasis of multiple types of cancer; 
however, the roles and underlying mechanisms of SIRT6 in regulating NPC metastasis remain largely unknown. 
Here, the expression of SIRT6 in high metastatic 5-8F cells and low metastatic 6-10B cells was analyzed. SIRT6 
expression was found to be negatively associated with the metastatic capability of NPC cells. Moreover, we identi-
fied that SIRT6 inhibited NPC cell metastasis through suppression of SNAIL expression. Mechanistically, we dem-
onstrated that SIRT6 interacted with transcription factor p65 (NF-kB subunit) and deacetylated histone H3 lysine 
9 (H3K9) and lysine 56 (H3K56) at the promoter of SNAIL, leading to reduced transcription of SNAIL. In summary, 
SIRT6 functions as a metastasis suppressor in NPC cells through epigenetic regulation of SNAIL gene expression.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common 
primary malignancy originating from epithelial 
cells in the nasopharynx. NPC is characterized 
by unbalanced geographic distribution and is 
highly prevalent in Southern China and Sou- 
theast Asia [1, 2]. The incidence of NPC in the 
world was 1.2 per 100,000 persons in 2012 
(1.7 per 100,000 in men and 0.7 per 100,000 
in women), and about 25-30 per 100,000 per-
sons in Southern China [3, 4]. The etiology of 
NPC has not been fully understood, but it is 
believed to be multifactorial. The known etio-
logic factors of NPC include Epstein-Barr virus 
infection, genetic mutations, sex, age, race, 
alcohol and tobacco [2]. NPC is a highly malig-
nant tumor which is prone to metastasis with-
out obvious symptoms at an early stage. 
Clinically, distant metastasis of NPC still re- 
mains the most serious challenge in NPC treat-
ment due to early metastasis and the easy 
recurrence of tumors [5]. Therefore, elucidating 
the molecular mechanisms of NPC metastasis 

may help to identify new biomarkers and drug 
targets for NPC treatment.

SIRT6 (Sirtuin6) mainly functions as an NAD+-
dependent histone deacetylase and has been 
implicated in regulating various biologic func-
tions, such as genomic stability, metabolism, 
inflammation, and cancer [6, 7]. The effects of 
SIRT6 on these biologic processes are mainly 
achieved by removing acetyl groups on lysine 
residues from target proteins, for example, his-
tones or transcription-related factors [7, 8]. 
SIRT6 was shown to function as a tumor sup-
pressor through both deacetylation-dependent 
and -independent activity in many types of can-
cer, including pancreatic, colorectal, breast, 
and lung cancer [9-13]. In contrast, SIRT6 was 
found to act as an oncogene in other types of 
cancer, e.g. melanoma and prostate cancer 
[14, 15]. Recently, a study reported that the 
expression of SIRT6 was reduced in human 
NPC specimens, and SIRT6 induced apoptosis 
by inhibiting NF-kB signaling, suggesting that 
SIRT6 may play a role in modulating NPC devel-
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opment [16]. However, the exact molecular 
mechanism through which SIRT6 regulates 
NPC cell proliferation, migration, and invasion 
is still elusive. 

Metastasis is a multistep event, including tr- 
ansformation, growth, angiogenesis, mobility, 
and invasion [17]. During the metastatic pro-
cess, epithelial cells lose the apicobasal polar-
ity and cell-cell adhesions, and then gain mes-
enchymal, fibroblast-like properties (epithelial- 
mesenchymal transition, EMT) [18]. SNAIL (en- 
coded by Snail1 gene) is a key transcription  
factor that modulates cancer cell metastasis 
mainly through lowering the expression of E- 
cadherin, a key regulator of EMT [19]. The 
mechanisms controlling the expression of 
SNAIL are starting to be elucidated. NF-kB is 
shown to regulate SNAIL expression by directly 
binding to its minimal promoter [20, 21]. 
Emerging data have shown that high SNAIL 
expression is associated with high metastatic 
potential in colorectal cancer, hepatocellular 
carcinoma, lung cancer, and NPC [22]. 

In our study, we showed that SIRT6 plays impor-
tant roles in regulating NPC cell metastasis. 
Furthermore, we also demonstrated that SIRT6 
interacts with the NF-kB subunit p65 and atten-
uated NF-kB regulated SNAIL expression by 
removing acetyl residues of histone H3K9 and 
H3K56 in the promoter regions of Snail1 gene. 
This study may be beneficial for the develop-
ment of therapeutic targets for NPC.

Materials and methods 

Cell culture

The NPC cell lines, 5-8F and 6-10B, were gen- 
erously provided by Dr. Xiwen Xiong (Xinxiang 
Medical University, China). The NPC cell lines, 
5-8F and 6-10B, were cultured in RPMI 1640 
Medium (Hyclone, USA) supplemented with 
10% fetal bovine serum (Hyclone, USA) and 1% 
penicillin-streptomycin (Invitrogen, USA) in 
standard conditions (5% CO2, 37°C). 

Quantitative real-time PCR

Total RNA was extracted with TRIzol reagent 
(Takara, Japan). 2 μg RNA was converted into 
cDNA with a cDNA Reverse Transcription Kit 
(Vazyme, China). Quantitative real-time PCR 
was analyzed using SYBR Green Master Mix 

(Vazyme, China) in an ABI StepOnePlus Real-
Time PCR instrument (Applied Biosystems, 
USA).

Western blot analysis

NPC cell lysates were extracted using RIPA lysis 
buffer (Beyotime Biotechnology, China) plus 
protease cocktail (Roche, USA) and PMSF 
(Sigma, USA). Proteins were resolved by SDS-
PAGE and transferred to nitrocellulose mem-
branes (Pall Corporation, USA). Immunoblots 
were hybridized overnight at 4°C with the fol-
lowing primary antibodies: anti-SIRT6, anti-
SNAIL (Abcam, UK), anti-E-cadherin (Protein- 
tech, USA), anti-β-Actin (Santa Cruz, USA). Th- 
en, immunoblots were incubated with HRP  
secondary antibody and the immunoreactive 
proteins were detected using ECL reagents  
(Sigma, USA).

Plasmids and generation of stable cell lines 

Human SIRT6 and p65 cDNA were cloned into 
pcDNA3 vector with FLAG or hemagglutinin 
(HA) tag. Plvx-puro and pLKO.1-puro lentiviral 
expression vectors were used for SIRT6/GFP 
overexpression and shSIRT6/shGFP lentivirus 
construction, respectively. Packaging of lentivi-
rus was performed by transient transfection of 
HEK293T cells with a lentiviral expression con-
struct and other packaging vectors. 72 hr after 
transfection, the lentiviral particles were col-
lected and filtered. Subsequently, 5-8F and 
6-10B cells were infected with SIRT6/GFP and 
shSIRT6/shGFP lentiviruses, respectively. After 
2 weeks of puromycin (1 ug/ml, InvivoGen, 
USA) selection, puromycin-resistant cell clones 
were obtained and SIRT6 overexpression or 
knockdown was assessed by RT-PCR and west-
ern blot analysis. The shRNA sequence for 
SIRT6 knockdown is: 5’-GCTACGTTGACGAGG- 
TCATGA-3’.

SiRNA transfection

To knock down SNAIL in 6-10B cells, siRNAs 
targeting SNAIL (siSNAIL) and control siRNAs 
(siSCR) were synthesized by GenePharma 
(Shanghai, China) and transfected into 6-10B 
cells by lipofectamine 3000 (Thermo Fisher 
Scientific, USA). After 48 hr, the knockdown  
efficiency was evaluated by western blot. The 
siRNA sequence of SNAIL is as follows: 5’- 
CCACAGAAATGGCCATGGGAAGGCCTC-3’.
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Wound healing assay

The 5-8F and 6-10B cells were first seeded in 
6-well tissue culture dishes and allowed to  
grow to near confluence. Then, the cells were 
starved in serum-free medium for 24 hrs. The 
cell monolayers were scratched with a 10 µl 
sterilized tip, followed by an additional incuba-
tion with serum-free medium for 48 hrs. Im- 
ages were captured of cells migrating distance 
at the wound sites at time points of 0 hr and  
48 hrs using an inverted microscope (Leica, 
Germany).

Cell invasion and migration assay

Cell invasion and migration assays were per-
formed using Transwell inserts (Corning, USA) 
pre-coated with (invasion assay) or without 
(migration assay) Matrigel (BD Biosciences, 
USA). The cells were harvested, suspended in 
serum-free medium, and subsequently seeded 
into the upper chamber. Medium with 10% FBS 
was placed in the lower chamber. After 24 hr 
incubation, invaded or migrated cells were fixed 
with 4% paraformaldehyde (PFA, pH7.4), then 
stained with crystal violet (Sigma-Aldrich, USA), 
and counted using an inverted microscope 
(Leica, Germany).

Chromatin immunoprecipitation (ChIP) assay

6-10B cells were cultured up to reach 90%  
confluence and then fixed with 1% formalde-
hyde at RT for 15 min. The crosslinking reaction 
was quenched by the adding glycine to a final 
concentration of 125 mM. Chromatins were 
lysed and sonicated to an average size of ~250 
bp. Immunoprecipitation was performed using 
anti-SIRT6 (Abcam, UK), anti-p65, anti-Histone 
H3, anti-Acetyl-H3K9 (CST, USA), anti-Acetyl-
H3K56 (Millipore, USA), or negative control IgG 
at 4°C overnight. After the sheared chromatins 
underwent reverse-crosslinking, real-time qu- 
antitative PCR was employed on genes of 
interest.

Immunoprecipitation (IP)

pcDNA-SIRT6-FLAG, pcDNA-p65-HA, pcDNA-
GFP-FLAG expression vectors were transfect- 
ed into 6-10B cells by lipofectamine 3000 with 
different combinations. 48 hrs later, cells were 
lysed in RIPA buffer and incubated with anti-
FLAG M2 affinity agarose gel (Sigma, USA) or 

anti-HA agarose (Pierce, USA) at 4°C overnight. 
Precipitates were washed 4 times with RIPA 
buffer, and then resuspended with 2× protein 
sample buffer. Proteins were released from 
agarose after heating for 5 min at 100°C and 
subsequently analyzed by western blot with 
antibodies as indicated.

Statistical analysis

Statistical analysis was performed using a 
SPSS software package (version 16.0; Chicago, 
IL, USA). Data derived from cell line experi-
ments presented as mean ± SEM were extract-
ed from no less than three independent experi-
ments. The χ2 or Fisher exact tests were used 
for categorical variables. Statistical signifi-
cance was determined by the two-tailed 
unpaired Student t-test, and a difference of 
P<0.05 was considered significant.

Results

SIRT6 expression is negatively associated with 
the metastatic capability of NPC cells

In order to investigate the regulatory mecha-
nisms of SIRT6 in NPC metastasis, typical 
human nasopharyngeal cell lines 5-8F (high 
metastatic potential) and 6-10B (low metastat-
ic potential) were selected for study. Both 5-8F 
and 6-10B cells were derived from the same 
precursor cell line SUNE-1 cells with different 
metastatic potential [23]. As shown in Figure 
1A, qPCR analysis showed that SIRT6 expres-
sion was higher in 6-10B cells than that in 5-8F 
cells. Similarly, 6-10B cells expressed higher 
protein levels of SIRT6 than 5-8F cells (Figure 
1B). Since SNAIL mediated E-cadherin repres-
sion is tightly associated with high metastatic 
potential in cancer cells, we observed that 5- 
8F cells had higher SNAIL expression but lower 
E-cadherin expression compared to 6-10B cells 
(Figure 1B). 

To better assess the impact of SIRT6 on NPC 
cell invasiveness, we used lentiviral vectors  
to overexpress HA-tagged SIRT6 in 5-8F cells 
(low SIRT6 expression) or to knockdown  
SIRT6 in 6-10B cells (High SIRT6 expression). 
As shown in Figure 1C and 1D, lentivirus-medi-
ated SIRT6-HA expression in 5-8F-SIRT6 cells 
was around 5 times higher than endogenous 
SIRT6 expression in 5-8F-GFP cells. In contrast, 
SIRT6 expression was efficiently silenced in 
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6-10B-shSIRT6 cells compared to 6-10B-shGFP 
cells (Figure 1E and 1F). 

The expression levels of SIRT6 influenced the 
metastatic capacity of NPC cell lines

First, we tested the effects of increased SIRT6 
expression in 5-8F cells. Indeed, the invasive 
and migratory abilities of 5-8F-SIRT6 cells were 
significantly impaired, as determined by de- 
layed scratch wound closure in wound-healing 

assay, and decreased invasion capacity in an 
invasion assay (with Matrigel) as well as 
reduced migration capacity in a transwell 
migration assay (Figure 2A-D). Next, we exam-
ined whether SIRT6 downregulation in 6-10B 
cells could promote metastasis or not. The 
scratch wound healing assay showed that 
reduced SIRT6 expression markedly enhanced 
wound closure in 6-10B-shSIRT6 cells com-
pared with 6-10B-shGFP cells (Figure 2E and 
2F). In addition, Matrigel invasion assay and 

Figure 1. Comparison of SIRT6 expression in NPC cell lines. (A) qPCR analysis of SIRT6 expression in 5-8F and 6-10B 
cells. (B) Western blot analysis of SIRT6, SNAIL and E-cadherin protein levels in 5-8F and 6-10B cells. (C and D) 
qPCR (C) and western blot (D) analysis of SIRT6 expression in 5-8F-GFP and 5-8F-SIRT6 cells. (E and F) qPCR (E) and 
western blot (F) analysis of SIRT6 expression in 6-10B-shGFP and 6-10B-shSIRT6 cells. Data are shown as mean ± 
SEM (n=3-4 per group). *, P<0.05 by t test. For gel source data, see Supplementary Figure 1.
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Figure 2. SIRT6 suppresses the migration and invasion of NPC cells. (A-D) In 5-8F cells that stably overexpressed 
with GFP or SIRT6, cell motility was analyzed using a wound healing assay (Magnification: 40×; Scale bars: 100 µm) 
(A) and the percentage of wound closure was quantified (B); migration and invasion abilities were evaluated by mi-
gration assay and Matrigel invasion assay, respectively (Magnification: 100×; Scale bars: 50 µm) (C); the percentage 
of invaded or migrated cells (% of GFP group) was quantified (D). (E-H) In control (shGFP) or stable SIRT6 knockdown 
(shSIRT6) 6-10B cells, cell motility was measured using a wound healing assay (Magnification: 40×; Scale bars: 100 
µm) (E) and the percentage of wound closure was quantified (F); invasion and migration abilities were measured by 
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transwell migration assay suggested that  
SIRT6 inhibition significantly upregulated the 
metastatic capacity of 6-10B cells (Figure 2G 
and 2H). Collectively, these data suggest that 
SIRT6 negatively regulates the metastasis of 
NPC cells.

SIRT6 inhibits NPC cell metastasis through 
suppression of SNAIL expression

To further confirm the hypothesis that SIRT6 
negatively regulates SNAIL expression in NPC 
cells, we tested the mRNA and protein levels of 
SNAIL in 5-8F-GFP/SIRT6 and 6-10B-shGFP/
shSIRT6 cells. Overexpression of SIRT6 in 5- 
8F-SIRT6 cells remarkably reduced SNAIL ex- 
pression, as followed by enhanced E-cadherin 
production (Figure 3A and 3B). In contrast, 
knockdown of SIRT6 in 6-10B-shSIRT6 cells 
increased the expression of SNAIL, thereby 
resulting in a reduction of E-cadherin abun-
dance (Figure 3A and 3B). These data clearly 
demonstrate that SIRT6 negatively modulates 
SNAIL transcriptional expression in NPC cells. 
Next, we investigated whether SIRT6 regulated 
NPC cell metastasis through inhibiting SNAIL 
expression. SNAIL was knocked down by intro-
ducing SNAIL siRNA into 6-10B-shGFP or 6- 
10B-shSIRT6 cells (Figure 3C). The invasion 
and transwell assays showed that SNAIL knock-
down significantly repressed invasion and 
migration, which were induced by SIRT6 knock-
down in 6-10B cells (Figure 3D-F).

SIRT6 interacts with p65 and deacetylates 
H3K9 and H3K56 at the promoter of Snail1

As shown in Figure 1A and 1B, SIRT6 expres-
sion was higher in 6-10B than 5-8F, so we used 
6-10B cells for a mechanistic study. NF-kB sig-
naling has been shown to modulate SNAIL 
expression through direct binding of transcrip-
tion factor p65 to the promoter region of Snail1 
[20, 21]. To verify the molecular interactions 
between SIRT6 and p65 in NPC cells, we per-
formed Co-IP analysis by co-transfection of the 
tagged constructs in 6-10B cells. As expected, 
SIRT6 interacted with p65 in 6-10B cells (Fi- 
gure 4A). The interaction between SIRT6 and 
p65 suggested that SIRT6 might function as a 

co-repressor of the transcription factor p65 
and then inhibit p65 mediated transcription of 
Snail1. To test this possibility, chromatin immu-
noprecipitation (ChIP) was performed in 6-10B 
cells to study whether the binding of SIRT6 and 
p65 occurred at the promoter region of Snail1. 
The promoter sequence (-1 to -500 from the 
transcription start site) of Snail1 is listed in 
Figure 4B. The sequences of primers used for 
ChIP analysis to examine the p65 or SIRT6 
enrichment in region 1 or region 2 are also 
shown in Figure 4B. As expected, p65 was sig-
nificantly enriched at the Snail1 gene promo- 
ter, especially in the region 2 (Figure 4C). 
Consistently, SIRT6 had highly enriched asso-
ciation with the region 2 of the Snail1 promoter 
(Figure 4D). Basically, SIRT6 inhibits gene tran-
scription through deacetylating histone 3 at 
lysine 9 and/or 56 at the promoter region of 
target genes. In order to examine whether Sirt6 
suppresses Snail1 gene expression through 
histone deacetylation, we performed a ChIP 
assay to detect the acetylation status of H3K9 
and H3K56 in the region 2 of the Snail1 gene 
promoter in 6-10B cells. Indeed, we found the 
acetylation levels of H3K9 and H3K56 in the 
region 2 were significantly reduced in SIRT6 
overexpressed 6-10B cells compared with GFP 
control cells (Figure 4E). These data indicate 
that SIRT6 functions as a histone deacetylase 
to suppress SNAIL expression through deacety-
lating histone H3K9 and H3K56 at the Snail1 
gene promoter.

Discussion

Accumulating evidence has demonstrated that 
SIRT6 plays critical roles in various cancers, 
such as colon cancer, pancreatic cancer, and 
breast cancer [9, 10, 12, 24]. SIRT6 inhibits 
survivin to modulate cancer initiation through 
AP-1 dependent signaling pathways in hepato-
cellular carcinoma [24]. Moreover, overexpres-
sion of SIRT6 induced apoptosis in many types 
of cancer cells, such as HT1080, Hela, HCA2 
and MEF [25]. Collectively, these results sug-
gest that SIRT6 functions as a tumor suppres-
sor in cancer development. However, others 
have shown opposite outcomes of SIRT6 in 
regulating cancer metastasis. Bauer et al. dem-

Matrigel invasion assay and migration assay, respectively (Magnification: 100×; Scale bars: 50 µm) (G); the percent-
age of invaded or migrated cells (% of shGFP group) was quantified (H). Data are shown as mean ± SEM (n=4 for 
each group). *, P<0.05 by t test.
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Figure 3. SIRT6 inhibits NPC cell metastasis by suppression of SNAIL expression. (A) qPCR analysis of SNAIL expres-
sion in 5-8F and 6-10B cells. (B) Western blot analysis of SNAIL and E-cadherin protein levels in stable 5-8F cell 
lines with GFP or SIRT6 overexpression and stable 6-10B cell lines with control or SIRT6 knockdown. (C-F) In control 
(shGFP) and stable SIRT6 knockdown (shSIRT6) 6-10B cells transfected with siSCR or siSNAIL, SIRT6 and SNAIL 



SIRT6 inhibits metastasis in nasopharyngeal carcinoma cells

70 Int J Clin Exp Pathol 2021;14(1):63-74

protein levels were analyzed by western blot (C); invasion and migration abilities were measured by Matrigel invasion 
assay and migration assay, respectively (Magnification: 100×; Scale bars: 50 µm) (D); the percentage of invaded (E) 
or migrated (F) cells (% of shGFP siSCR group) was quantified. Data are shown as mean ± SEM (n=3-4 per group). 
*, P<0.05 by t test. For gel source data, see Supplementary Figure 2.

Figure 4. SIRT6 interacts with p65 and deacetylates H3K9 and H3K56 at the promoter of Snail1. (A) Co-IP assay to 
test the potential interaction between SIRT6 and p65 was performed by transfection of corresponding constructs 
into 6-10B cells. IP, immunoprecipitation; IB, immunoblot. (B) The sequence of the Snail1 promoter region (-500) is 
presented. The p65 DNA binding sites were predicted by program PROMO 3.0. (C and D) ChIP assay of the binding 
of p65 (C) and SIRT6 (D) to the promoter regions of the Snail1 gene in 6-10B cells using IgG as a negative control 
for chromatin pull-down. (E) The effect of SIRT6 overexpression on histone acetylation in the region 2 of Snail1 
promoter was evaluated using ChIP in 6-10B cells transfected with GFP or SIRT6 expression constructs. Data are 
shown as mean ± SEM (n=3 for each group). *, P<0.05 by t test. For gel source data, see Supplementary Figure 3.
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onstrated that SIRT6 increased the metastatic 
potential of pancreatic cancer cells by upregu-
lating the expression of pro-inflammatory  
cytokines such as IL-8 and TNF in a Ca2+-
dependent manner [26]. In non-small cell lung 
carcinoma (NSCLC), Bai et al. showed that  
SIRT6 enhanced migration and invasion of 
NSCLC cells via ERK1/2-MMP9 signaling [27]. 
So far, only one study has shown the effects of 
SIRT6 overexpression on NPC cells. In that 
study, SIRT6 was found to impair proliferation 
and induce apoptosis in NPC cells [16]. 
However, the exact mechanisms through which 
SIRT6 suppresses metastasis in NPC remain 
largely unknown.

In this study, a possible relationship between 
SIRT6 and the metastatic capability of NPC 
cells was investigated. Both of the 5-8F and 
6-10B cell lines originated from the SUNE-1 
NPC cell lines. Previous work has shown that 
the 5-8F cells are highly tumorigenic and meta-
static while 6-10B cells just tumorigenic and 
less-metastatic. Western blot demonstrated 
that SIRT6 expression was lower in metastatic 
5-8F cells, but higher in low metastatic 6-10B 
cells. Collectively, these findings underscore a 
possible important role of SIRT6 as a negative 
regulator controlling the metastatic capability 
of NPC. Further correlation analysis provided 
evidence that overexpression of SIRT6 in 5-8F 
cells impaired while knockdown of SIRT6 in 
6-10B cells enhanced the metastatic ability of 
NPC cells. 

SNAIL is zinc-finger transcription factor and pro-
motes the EMT process via repression of 
E-cadherin expression [19]. SNAIL has been 
shown to promote tumor metastasis in many 
types of cancer, e.g. ovarian cancer, lung can-
cer, and breast cancer [22]. Many factors, such 
as BMI-1, EZH2, LMP1, and HOPX, regulate 
NPC cell metastasis through modulating SNAIL 
expression [3, 28-30]. Moreover, a recent study 
demonstrated that SNAIL promoted NPC cell 
metastasis partly by lowering TEL2 expression 
[31]. Not surprisingly, a high level of SNAIL 
expression was associated with poor survival 
rate in NPC patients [32]. However, the regula-
tory mechanism of SNAIL expression in NPC is 
complex. Various signaling pathways, including 
TGF-β, Notch, MAPK, and NF-kB, activate SNAIL 
expression at transcriptional level, resulting in 
activation of EMT [22]. NF-kB enhances SNAIL 
transcription through direct binding of p65 to 

the promoter region [20, 21]. Basically, SIRT6 
acts as a transcriptional repressor of several 
transcription factors, including NF-kB/p65 [33]. 
SIRT6 deacetylates H3K9 at the promoter 
regions of NF-kB target genes and inhibits gene 
expression, thereby suppressing NF-kB signal-
ing. Moreover, p65 heterozygosity partially res-
cued the premature lethality phenotype of 
Sirt6-/- mice, indicating that hyperactivation of 
NF-kB signaling contributes to the defects in 
SIRT6 knockout mice [33]. 

In our study, we verified that SIRT6 interacts 
with p65 and deacetylates H3K9 and H3K56  
at the promoter of SNAIL. SIRT6 worked as a 
suppressor of p65 in modulating SNAIL tran-
scriptional expression in NPC cells. Further- 
more, our data suggest that downregulation of 
SNAIL is required for SIRT6-mediated inhibition 
of metastasis of NPC cells. We also found that 
the repressive activity of SIRT6 in E-cadherin 
expression was markedly prevented, when 
SNAIL was knocked down in NPC cells. These 
data suggest that the presence of SNAIL is 
required for the repressive function of SIRT6 on 
E-cadherin. Additionally, the repressive func-
tion of SIRT6 toward E-cadherin depends on its 
deacetylation activity. 

Metastasis is a pathologic process that invo- 
lves a complex interplay between intrinsic 
tumor cell properties as well as interactions 
between cancer cells and various microenvi-
ronments. Thus, the regulatory mechanism of 
metastasis is also complicated. Indeed, it has 
been shown that SIRT6 promotes epithelial-to-
mesenchymal transition and metastasis in 
non-small cell lung cancer (NSCLC) [34] and 
hepatocellular carcinoma (HCC) [35]. However, 
in our current study, we report that SIRT6 sup-
presses NPC cell metastasis, which is contra-
dictory to previous studies. Considering that 
the pathogenesis of metastasis is quite compli-
cated and the multifaced functions of SIRT6, it 
is reasonable to believe SIRT6 could function 
as a metastasis inhibitor in different cancers. 
Consistent with our data, SIRT6 suppresses 
pancreatic ductal adenocarcinoma (PDAC) pro-
gression and metastasis [10]. Our study has 
some limitations listed as follows: (1) We just 
have used two cell lines to clarify the roles of 
SIRT6 in regulating NPC cell migration and 
metastasis; whether SIRT6 plays a similar role 
in other NPC cells is still unknown. (2) We only 
have done in vitro assays in this study; howev-
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er, the in vivo role of SIRT6 in the controlling 
NPC metastasis still needs to be elucidated. 
Additional animal study is needed to clarify this 
issue. (3) SIRT6 is a histone deacetylase with 
multiple targets. We have shown the SNAIL is 
one of the targets of SIRT6 in NPC cells. 
However, it is also reasonable that SIRT6 may 
regulate NPC cell metastasis through other tar-
get genes or signaling pathways. Thus, identifi-
cation of other SIRT6 targets is also important 
to further elucidate SIRT6 function in NPC.

In conclusion, our study showed that SIRT6 
expression was negatively associated with the 
metastatic ability of NPC cells. Our results sup-
port a hypothesis that expression of SIRT6 in 
NPC may be important in the acquisition of  
an aggressive/poor prognostic phenotype. Fur- 
thermore, we showed that SIRT6 suppressed 
NPC cell invasion and migration though down-
regulating expression of SNAIL followed by 
increased E-cadherin expression. The repres-
sive function of SIRT6 toward E-cadherin 
depends on histone deacetylation. Our rese- 
arch highlighted the importance of SIRT6 in 
regulating NPC metastasis and provide evi-
dence that SIRT6 could serve as an attractive 
therapeutic target in NPC.
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Supplementary Figure 1. Uncropped images of blots for Figure 1B, 1D and 1F.
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Supplementary Figure 2. Uncropped images of blots for Figure 3B and 3C.
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Supplementary Figure 3. Uncropped images of blots for Figure 4A.


