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SIRT6 overexpression inhibits HIF1α expression and its 
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Abstract: Objective: To investigate the effect of silencing information regulator 6 (SIRT6) on HIF1α expression of cell 
line A549 in non-small cell lung cancer and on tumor angiogenesis in lung cancer. Methods: Cell line A549 in the 
logarithmic growth phase was transfected with Ad-SIRT6 and Ad-null respectively. According to the study design, the 
cells were divided into control group, Ad-null group and Ad-SIRT6 group. The HIF1α and HIF2α mRNA expression in 
each group were detected by real-time quantitative PCR (qPCR). The level of prolyl hydroxylase (PHD) 1-3 after 48 h 
of Ad-SIRT6-transfected cell line A549 and the levels of VEGF-C, VEGF-D, VEGFR-2 and VEGFR-3 in the supernatants 
were determined by ELISA. The nude mice were injected subcutaneously with Ad-null or Ad-SIRT6 transfected cell 
line A549. The tumor volume was observed at 6, 12, 18, 24 and 30 d after inoculation, and the tumor mass was 
weighed at 30 d. Also, microvessel density (MVD) and the number of positive HIF1α and VEGF cells were detected by 
immunohistochemistry. The VEGF and HIF1α levels in tumor tissue were detected by ELISA and qPCR respectively. 
Results: qPCR showed that the levels of HIF-1α mRNA, VEGF-C, VEGF-D, VEGFR-2 and VEGFR-3 in the supernatant 
were decreased, the level of PHD2 was increased (P<0.05), and the levels of HIF-2α mRNA, PHD1 and PHD3 did 
not change much (P>0.05) in the Ad-SIRT6 group as compared with those in the control group and Ad-null group. 
The tumor growth rate was decreased, and the tumor volume at 12-30 d after inoculation was less in the Ad-SIRT6 
group than in the control group and Ad-null group (P<0.05); the tumor mass was also lower than that of control and 
Ad-null groups (P<0.05). Immunohistochemistry showed that MVD and the number of HIF-1α and VEGF positive 
cells were less in the Ad-SIRT6 group than in control and Ad-null groups (P<0.05); and HIF-1α and VEGF levels in 
tumor tissue were decreased in the Ad-SIRT6 group compared to the control and Ad-null groups (P<0.05). There 
were no significant differences in the above measurements between the control group and Ad-null group (P>0.05). 
Conclusion: SIRT6 overexpression can inhibit HIF1α and VEGF expression, promoting PHD2 expression, which can 
inhibit angiogenesis and xenograft growth and may play a role in reducing HIF1α and VEGF expression.
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Introduction

Metabolic reprogramming is one of the basic 
characteristics of cancer cells, many of which 
generate energy by increasing aerobic glycoly-
sis rather than oxidative metabolism [1]. 
Histone deacetylases (HDAC) may play an 
important role in this process [2]. Sirtuin, a 
highly conservative protein family, is a nicotin-
amide adenine dinucleotide (NAD+) -dependent 
HDAC and/or mono-ADP-ribosyltransferase. Ma- 
mmals have seven subcellular localization sir-
tuins (SIRT1-7), among which SIRT1, SIRT6 and 
SIRT7 are located in the nucleus, SIRT2 in the 
cytoplasm, and SIRT4, SIRT5 in the mitochon-

dria. SIRT6 has been confirmed to be involved 
in various cellular processes, including metabo-
lism and aging [2-4]. In addition, the SIRT6 
gene, a tumor suppressor gene, regulates gly-
colysis to inhibit the transcriptional activity of 
the Myc gene which is the biosynthesis sup-
pressor gene of ribosomes [3, 4]. Protein degra-
dation of HIF1α is inhibited during hypoxia, 
thereby up-regulating VEGF expression and pro-
moting angiogenesis [5, 6]. However, the effect 
of the regulation of energy metabolism by SIRT6 
on HIF1α and VEGF expression and angiogene-
sis has still been unknown. In this study, we 
aimed to explore the effect of SIRT6 on HIF1α 
expression and angiogenesis in lung cancer 
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RT-PCR kit following the instructions. Also, 1 μl 
cDNA was taken from each sample as template 
for qPCR on ABI 7300 fluorescent quantitative 
PCR. A total of 20 μl was used in the reaction 
system, containing 1 μl of each upstream prim-
er (10 μmol/L), 2 μl of 2 × dNTP mix and 10 μl 
of 2 × SYBR® Premix ExTaq ™, and ddH2O was 
used to make up to 20 μl for insufficiency. The 
reaction conditions: denaturation at 94°C for 5 
min, denaturation at 94°C for 30 s, annealing 
at 60.4°C for 45 s, extension at 72°C for 1 min, 
35 cycles, and final extension at 72°C for 10 
min. The relative expression levels of HIF-1α 
and HIF-2α were calculated by 2-ΔΔCt method 
with GAPDH as an internal reference. HIF-1α 
upstream primer: 5’-CCTGGGGAGCGTGGGGAG- 
CGTTAGAGAGA-3’; downstream primer: 5’-GG- 
GTACCAGGGTGAGTCCAAGA-3’; HIF-2α upstre- 
am primers: 5’-CGCGTGTTAGGAGAGAGAGGGA- 
CT-3’; 5’-GGTAC GGTCGGCAAGAGAAGTC-3’; GA- 
PDH upstream primer: 5’-AGGTCGGTGTGAAC- 
GGATTTG-3’; downstream primer: 5’-TGTAGACC- 
ATGTAGTTGAGGTCA-3’.

Detection of PHD1-3 level 

The cells transfected for 48 h were collected 
from each group, fully lysed after the addition 
of lysate, and centrifugated at 12000 r/min for 
10 min to collect the supernatant. The PHD1-3 
level was detected by kit in strict accordance 
with the instructions. 

Detection of VEGF-C, VEGF-D, VEGFR-2 and 
VEGFR-3 levels 

The supernatants transfected for 48 h were 
collected from each group. The levels of 
VEGF-C, VEGF-D, VEGFR-2 and VEGFR-3 were 
detected by kit in strict accordance with the 
instructions. 

Xenograft model establishment and animal 
grouping

Thirty nude mice were randomly divided into 3 
groups (10 in each group): control group, Ad-null 
group and Ad-SIRT6 group. A549 cells trans-
fected with Ad-SIRT6 plasmid were inoculated 
in Ad-SIRT6 group, A549 cells transfected with 
Ad-null plasmid in Ad-null group, and A549 cells 
without transfection in control group. A549 
cells were trypsinized by 0.25% trypsin, and 
single cell suspension was prepared by adding 
PBS at a concentration of 1 × 107 cells/ml for 

through transfecting cell line A549 in non-small 
cell lung cancer with lentivirus-mediated SIRT6 
overexpression and constructing a xenograft 
model. The study was sponsored by the 
Shanghai Natural Science Foundation (15ZR14- 
34300).

Materials and methods

Cells and reagents 

Cell line A549 were purchased from Shanghai 
Cell Bank of the Chinese Academy of Sciences, 
RPMI 1640 medium and fetal bovine serum 
(FBS) from Gibco, USA, Ad-null and Ad-SIRT6 
from Suzhou GenePharma, Lipofectamine ™ 
2000, Trizol from Invitrogen Corporation, peni-
cillin/streptomycin from Hyclone USA, Prime- 
Script ™ RT-PCR kit, and SYBR® Premix ExTaq ™ 
II kit from Japan TaKaRa company, HIF-1α, HIF-
2α primers from Shanghai Bioengineering Co., 
Ltd., VEGF-C, VEGF-D, VEGFR-2 and VEGFR-3 
detection kits from Shenzhen Jingmei Biotech 
Co., Ltd., PHD 1-3 detection kits from R&D 
Systems, USA, Fluorescence labeled CD34 
mAb from Miltenyi Biotech, Germany, HIF-1α 
and VEGF monoclonal antibodies from Santa 
Cruz Biotech, and immunohistochemical and 
DAB reagent from Beijing Zhongshan Company. 

Cell transfection and grouping

The cells were cultured in RPMI 1640 medium 
containing 10% FBS, incubated at 37°C in a 
saturated humidity incubator with 5% CO2, sub-
cultured to the required number for the experi-
ments in trypsin/EDTA in a 1:2 ratio with cell 
fusion of 80%-90%, resuspended in RPMI-
1640 culture medium, inoculated into six-well 
plates at a density of 4 × 105 cells/well, and 
transfected with 200 pfu/cell after cell attach-
ment in the Ad-SIRT6 group or Ad-null group. 
Cell line A549 without transfection was used as 
the control group.

Detection of HIF-1α and HIF-2α mRNA levels 
by QPCR 

Cell line A549 transfected with Ad-SIRT6 of dif-
ferent intensity for 24 h and 48 h were collect-
ed. The total RNA was extracted with Trizol after 
the lysate was added and its purity and concen-
tration were determined by NanoDrop 2000. 
500 ng RNA was taken from each sample, and 
cDNA was synthesized using the PrimeScript™ 
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modeling. The skin of nude mice was disinfect-
ed with iodophor and inoculated subcutane-
ously at 0.1 ml each, and put back into cages to 
observe the tumor formation daily with the 
tumor formation standard of subcutaneous 
tumor diameter >0.5 cm. 

Detection of xenograft volume and mass 

The volume of tumor at 6, 12, 18, 24 and 30 d 
after inoculation was observed, and the long 
and short diameters of tumor were measured 
by vernier caliper. The volume of tumor = long 
diameter × short diameter 2 × 0.5 was calcu-
lated according to the formula and the growth 
curve was drawn. After 30 d of inoculation, the 
tumor tissue was taken, weighed to record the 
mass, and rapidly stored in liquid nitrogen for 
subsequent molecular experiments. 

Evaluation of tumor angiogenesis 

MVD and number of HIF1α and VEGF positive 
cells in tumor tissue were detected by immuno-

histochemistry. VEGF and α levels in tumor tis-
sue were detected by ELISA and qPCR 
respectively.

Statistics analysis  

All analyses were performed using SPSS 18.0 
software. All data were expressed as X ± SD. 
Comparison was performed using ANOVA 
among multiple groups and using t-test between 
two groups. P<0.05 was regarded as statisti-
cally significant. 

Results

HIF-1α and HIF-2α mRNA levels in Ad-SIRT6-
transfected cell line A549 were detected by 
qPCR at 24 and 48 h after transfection. The 
results showed that compared with the control 
and Ad-null groups, HIF-1α mRNA level was 
decreased (P<0.05) and HIF-2α mRNA level did 
not change much in the Ad-SIRT6 group 
(P>0.05). There were no significant differences 
in HIF-1α and HIF-2α mRNA levels between the 

Figure 1. Effect of SIRT6 overexpression on HIF-1α and HIF-2α expression in cell line A549.

Figure 2. Effect of SIRT6 overexpression on PHD1-3 expression in cell line A549. 2 Effect of SIRT6 overexpression 
on VEGF-C, VEGF-D, VEGFR-2 and VEGFR-3 expression in lung cancer cell line A549. 
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control group and Ad-null group (P>0.05). The 
PHD1-3 level in Ad-SIRT6-transfected cell line 
A549 was measured by ELISA at 48 h. The 
results showed that compared with the control 
and Ad-null groups, the PHD2 level was 
increased (P<0.05), while PHD1 and PHD3 level 
changed little in the Ad-SIRT6 group (P>0.05) 
(Figures 1 and 2). 

The levels of VEGF-C, VEGF-D, VEGFR-2 and 
VEGFR-3 in supernatants of Ad-SIRT6-tran- 
sfected cell line A549 were detected by ELISA. 
The results showed that compared with control 
and Ad-null groups, the levels of VEGF-C, 
VEGF-D, VEGFR-2 and VEGFR-3 were decreased 
in the SIRT6 group (P<0.05). There were no sta-
tistically significant differences in the levels of 

Figure 3. Effect of SIRT6 overexpression on VEGF expression in lung cancer cell line A549.

Figure 4. Effect of SIRT6 overexpression on the growth of xenografts in nude mice.
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VEGF-C, VEGF-D, VEGFR-2 and VEGFR-3 be- 
tween the control and Ad-null groups. (P>0.05) 
(Figure 3). 

SIRT6 overexpression inhibits xenograft 
growth in A549 nude mice  

The tumor growth rate was decreased in 
Ad-SIRT6 group and the tumor volume at 12-30 
d after inoculation was less than that in the 
control and Ad-null groups (P<0.05). Mo- 
reover, the tumor mass was less in the Ad-SIRT6 
group than in the control and Ad-null groups 
(P<0.05). There were no statistically significant 
differences in tumor volume and mass between 
the control and Ad-null groups. See Figure 4.

SIRT6 overexpression inhibits xenograft angio-
genesis in A549 nude mice 

Immunohistochemistry showed that MVD level 
was lower in the Ad-SIRT6 group than in the 
control and Ad-null groups (P<0.05). There 
were no statistically significant differences in 

MVD level between the control and Ad-null 
groups (P>0.05). See Figure 5.

SIRT6 overexpression inhibits the xenograft 
angiogenesis-related factors in A549 nude 
mice 

qPCR showed that the HIF-1α mRNA level was 
lower in the Ad-SIRT6 group than in the control 
and Ad-null groups (P<0.05). ELISA disclosed 
that the VEGF level was lower in the Ad-SIRT6 
group than in the control and Ad-null groups 
(P<0.05). Immunohistochemistry showed that 
the number of HIF-1α and VEGF-positive cells 
was less in Ad-SIRT6 group than in the control 
and Ad-null groups (P<0.05). There were no sta-
tistically significant differences in above indica-
tors between the control and Ad-null groups 
(P>0.05) (Figures 6 and 7).

Discussion

Cell proliferation is uncontrolled in cancer. Cells 
become malignant by acquiring a range of abili-
ties that allow them to avoid the strict regula-
tory loop controlling cell proliferation and 
homeostasis [7]. Genomic instability promotes 
cell carcinogenesis by generating a genomic 
environment that facilitates mutation. Meta- 
bolic reprogramming is an important feature of 
cancer cells that meets the needs of cancer 
cells for new energy [8, 9]. Under normal condi-
tions, cells rely on mitochondrial oxidative 
phosphorylation to generate glucose energy, 
and cancer cells show enhanced glycolysis. 
Pyruvate produced from glucose generates lac-
tate in the cytoplasm rather than being involved 
in the TCA cycle of the mitochondria. Since oxy-
gen is confined to mitochondria during pyruvate 
oxidation, anaerobic glycolysis of normal cells 

Figure 5. Effect of SIRT6 overexpression on MVD level of xenografts in nude mice.

Figure 6. SIRT6 overexpression inhibits xenograft 
angiogenesis-related factors in A549 nude mice.
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is usually activated under hypoxic conditions. 
Even under normoxic conditions, cancer cells 
are still obviously active in glycolysis metabo-
lism. In addition, due to the unique hypoxic envi-
ronment of the tumor, this metabolic change 
may also bring survival advantages to the tumor 
cells [10]. The pressure on cells in living organ-
isms that are subject to nutrient fluctuations 
and genotoxic damage can affect the integrity 
of the genomes. SIRT6 regulates many cancer-
related pathways, including ensuring genomic 
stability by regulating DNA double-strand br- 
eaks and base excision repair (BER), and inhib-
iting inflammation and maintaining telomere 
stability via NFκB [11-13]. Moreover, SIRT6, a 
highly conserved NAD+-dependent HDAC, is 
involved in processes such as metabolism, 
resistance, and longevity. SIRT6 as a histone 
H3K9 acetyl regulates the expression of progly-
colytic genes. Hypoxia-inducible factor (HIF), an 
important transcription factor of cells in re- 
sponse to hypoxia, enables cells to adapt to  
a hypoxic microenvironment, maintain energy 
me-tabolism, and promote angiogenesis by reg-
ulating the expression of target genes, which 
are closely related to the tumor [14, 15]. This 

study aimed to explore whether HIF-1α is 
involved in the regulation of energy metabolism 
by SIRT6 during tumor progression.

We found that SIRT6 overexpression in cell line 
A549 can reduce the HIF-1α level, suggesting 
that SIRT6 may regulate tumor energy metabo-
lism via HIF-1α. Although HIF-2α plays an impor-
tant role in the chronic hypoxic adaptation of 
tumor cells [16], this study found no effect on 
HIF-2α. SIRT6-deficient cells show not only 
increases in HIF1α activity and glycolytic glu-
cose uptake, but also a decrease in mitochon-
drial respiration [17]. PHD, a key molecule regu-
lating HIF-1α, mediates its degradation by ca- 
talyzing the hydroxylation of proline residues of 
HIF, which is the rate-limiting enzyme in the 
whole process [18]. To investigate the possible 
mechanism of SIRT6 inhibition of HIF-1α 
expression, this study further analyzed the 
effect of SIRT6 overexpression on the expres-
sion of PHD1-3, a major member of the PHD 
family. The results showed that only PHD2 level 
was elevated in PHD1-3 and PHD2 was the key 
enzyme of HIF-1α degradation [19]. Thus, the 
study further shows that SIRT6 reduces HIF-1α 

Figure 7. Immunohistochemical staining of xenograft HIF-1α and VEGF in nude mice with SIRT6 overexpression.
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via down-regulating PHD2 expression. Fur- 
thermore, the present study found that SIRT6 
overexpression can reduce the level of angio-
genic factors. Given that HIF-1α plays an impor-
tant role in promoting angiogenesis, this study 
speculated that SIRT6 can reduce VEGF-C, 
VEGF-D, VEGFR-2 and VEGFR-3 levels via inhib-
iting HIF-1α. The results of the research on 
xenografts showed that SIRT6 overexpression 
also inhibited HIF-1α expression and decreased 
VEGF level, which agrees with the results of the 
cell experiment that SIRT6 overexpression 
inhibited the angiogenesis of xenografts, sug-
gesting that SIRT6 has anti-angiogenesis 
effects and is a potential target for the treat-
ment of lung cancer.

In summary, SIRT6 overexpression can inhibit 
HIF1α and VEGF expression, promote PHD2 
expression, and inhibit the growth of xenograft 
and angiogenesis by decreasing HIF1α and 
VEGF expression.
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