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Abstract: Non-small cell lung cancer (NSCLC) remains the leading cause of deaths around the world. Therefore, 
improving the diagnostic and treatments of NSCLC are urgently needed. The microRNA-34a (miR-34a) and SIRT6 
are associated with NSCLC. miR-34a is downregulated in three NSCLC cells lines (A549, H460, and H1299). The 
functions of SIRT6 in NSCLC are controversial. Some reports have shown that SIRT6 is downregulated in NSCLC 
cells, while other reports have shown that SIRT6 is upregulated in NSCLC tissues as well as SIRT6 overexpression 
is associated with the poor prognosis of NSCLC. SIRT6 is a direct target of miR-34a in human keratinocytes (HKCs). 
However, the relationship between SIRT6 and miR-34a in NSCLC has not been investigated. In this study, we found 
that the SIRT6 was upregulated in NSCLC tissues while miR-34a was downregulated in NSCLC tissues compared 
with those in their normal counterparts. Overexpression of miR34a or downregulation of SIRT6 promoted A549 cells 
apoptosis, cell cycle arrest in vitro and further inhibited the tumor formation in vivo. SIRT6 was indeed the target 
gene of miR-34a, which was proved by the luciferase reporter data. Therefore, we conclude that SIRT6 was the tar-
get gene of miR-34a in NSCLC. miR-34a acted as a cancer suppressor in NSCLC via targeting the SIRT6.
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Introduction

Lung cancer is a tumor arising from the respira-
tory epithelium, which remains the leading 
cause of cancer-related deaths worldwide [1]. 
Cigarette smoking, second or passive smoking, 
diet and food supplements, alcohol, and air pol-
lution increase the risk of lung cancer [2]. 
Histologically, lung cancer is divided into small 
cell lung cancer (NSCLC), adenocarcinoma, 
squamous cell carcinoma (SCC) and large cell 
carcinoma. Among the four types of lung can-
cers, adenocarcinoma, SCC and large cell carci-
noma are usually grouped into non-small cell 
lung cancer (NSCLC) [3]. NSCLC accounts for 
approximately 80% of all lung cancers [4]. The 
5-year survival rate of lung cancer is about 
15%. Currently, there are 5 main methods (sur-
gery, chemotherapy, radiation therapy, targeted 
therapy and immunotherapy) to treat NSCLC [5, 
6]. Nevertheless, NSCLC cannot be cured with 
currently available therapeutic modalities and 
acquired resistance remains the challenges to 

be overcome [7]. Therefore, improvements in 
diagnostic and treatments of NSCLC are neces- 
sary. 

MicroRNAs (miRNAs), small noncoding RNAs 
(17-25 nucleotide), regulate about 20%-30% of 
the genes in the human genome via binding to 
the complementary sequences of 3’-untrans-
lated regions (3’-UTR) of their target mRNA [8]. 
miRNAs are double-edged sword in cancers, 
which can regulate various cell processes, such 
as cell proliferation, differentiation, migration, 
and apoptosis [8]. The microRNA-34a (miR-
34a) is upregulated in Chronic Lymphocytic 
Leukemia (CLL) [8-10]. While miR-34a is down-
regulated in some human cancers, including 
breast cancer, prostate cancer, osteosarcoma, 
and lung cancer [11]. miR-34a is downregulat-
ed in three NSCLC cells lines (A549, H460, and 
H1299) [12, 13]. miR-34a inhibits the holo-
clone formation, clonogenic expansion and 
tumor regeneration of the three NSCLC cells 
[12]. Therefore, miR-34a negatively regulates 

http://www.ijcep.com


miR34a targets SIRT6 in NSCLC

1136 Int J Clin Exp Pathol 2018;11(3):1135-1145

the tumorigenic properties of NSCLC cells and 
CD44hi lung cancer stem cells (CSCs) [12, 14]. 
Another report has shown that miR-34a and 
miR15a/16 act synergistically to arrest the 
NSCLC cell cycle in G1-G0, while only miR-34a 
could induce the NSCLC apoptosis [15]. 

SIRT6 is a NAD+-dependent histone deacety-
lase belonging to sirtuin family, which can regu-
late transcription, genomic DNA stability and 
repair based on its histone deacetylation func-
tion [16-18]. More importantly, SIRT6 can regu-
late autophagy, which is an important process 
in cancer cell survival and chemoresistance 
[19]. Thence, SIRT6 has been studied due to its 
potential function in overcoming drug resis-
tance in cancers. However, the functions of 
SIRT6 in NSCLC studied are inconsistent. The 
SIRT6 is downregulated in human NSCLC tissue 
and cell lines [20, 21]. Overexpression of SIRT6 
could inhibit the proliferation of NSCLC cells 
[20]. Conversely, knockdown of SIRT6 using 
small interfering RNA (siRNA) promotes the pro-
liferation of NSCLC cells [20]. SIRT6 inhibits the 
proliferation of NSCLC cells through downregu-
lation of Twist1 [20]. Taken together, SIRT6 
plays an anticancer role by promoting apopto-
sis in NSCLC [22]. In NSCLC, SIRT6 is mainly 
present in the cytoplasm. However, high cyto-
plasmic versus low nuclear expression of SIRT6 
in primary cancer tissues from patients with 
NSCLC, is associated with more aggressive 
cancer and with poor prognosis [23]. Addi- 
tionally, downregulation of SIRT6 with siRNA in 
A549 cells improves the sensitivity of A549 
cells to paclitaxel and promotes the γ-ray-
induced apoptosis of NSCLC cells [23]. All these 
results suggest that SIRT6 might acts as an 
oncogene in the tumorigenesis and progres-
sion of NSCLC [24].

As mentioned above, the functions of SIRT6 in 
NSCLC are contradictory. The relationship be- 
tween SIRT6 and miR-34a in cancers has also 
been investigated [25, 26]. Previous reports 
have shown that SIRT6 is a direct target of miR-
34a in human keratinocytes (HKCs) [25]. SIRT6 
is oppositely expressed to miR-34a in normal 
keratinocytes and keratinocyte-derived tumors. 
SIRT6 is downregulated by increased amounts 
of miR-34a. SIRT6 has a miR-34a putative 
binding site in its 3’-UTR region [25]. Further- 
more, downregulation of SIRT6 promotes the 

pro-differentiation effect of miR-34a, while 
overexpression of SIRT6 counteracts the miR-
34a pro-differentiation effects. SIRT6 level is 
decrease during keratinocyte differentiation 
[25]. All these results suggest that SIRT6 and 
miR-34a are against with each other. The nega-
tive correlation between SIRT6 and miR-34a 
expression in HKCs have uncovered [25, 26]. 
Both SIRT6 and miR-34a were associated with 
NSCLC. However, the relationship between 
SIRT6 and miR-34a in NSCLC has not been 
investigated. 

In this study, we verify that SIRT6 is indeed the 
target gene of miR34a. Both overexpression of 
miR-34a and downregulation of SIRT6 inhibit 
the tumor formation in the animal experiment. 
We conclude that miR-34a acts as a tumor sup-
pressor via targeting SIRT6.

Materials and methods

mRNA and protein expression in the NSCLC 
tissues 

NSCLC tissues and normal tissues (2 cm away 
from NSCLC tissue) of four NSCLC patients 
were obtained from Guangzhou Chest Hospital 
(Guangzhou, China). The total RNA was extract-
ed from the NSCLC tissues and normal tissues 
in the light of the manufacture’s instruction 
(Invitrogen, Carlsbad, CA). The protein was 
extracted from the NSCLC tissues and normal 
tissues via using Membrane Protein Extraction 
Kit (Keygen Biotech). 

The gene expression of miR-34a and SIRT6 in 
the cancer tissues and normal tissues was 
measured by real-time quantitative reverse 
transcription polymerase chain reaction (R- 
T-PCR). cDNA was synthesized by using Prime- 
Script II 1st Strand cDNA Synthesis Kit (Takara, 
Japan). The primer sequence used in RT-PCR 
were showed as follows: SIRT6 forward primer: 
5’ CCGGAGGAGCTGGAGCGGAAG 3’, SIRT6 re- 
verse primer: 5’ CGTGGGCCGCGCGCTCTCAAAG 
3’; 18S forward primer: 5’ CCTGGATACCGCAG- 
CTAGGA 3’; 18S reverse primer: 5’ GCGCG-
CAATACGAATGCCCC 3’; has-miR-34a-5p RT 
primer: 5’ CTCAACTGGTGTCGTGGAGTCGGCAA- 
TTCAGTTGAGCCCCTCTG3’; hsa-miR-34a-5p for- 
ward primer: 5’ ACACTCCAGCTGTGACTGGTTG- 
ACCAGA3’; hsa-miR-34a-5p reverse primer: 5’ 
CTCAACTGGTGTCGTGGA 3’; U6 forward primer: 
5’ CTCGCTTCGGCAGCACA 3’; U6 reverse prim-
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er: 5’ AACGCTTCACGAATTTGCGT 3’. The gene 
expressions of SIRT6 and miR-34a were deter-
mined by RT-PCR using SYBR Green PC Master 
Mix (Toyobo, Japan). Reaction were conducted 
on an ABI PRISM® 7500 Sequence Detection 
System and performed under the following 
thermocycler conditions: 95°C for 5 min, fol-
lowed by 40 cycles of 95°C for 15 seconds, 
60°C for 15 seconds and 72°C for 30 seconds; 
then followed by a 60°C for 1 min and 95°C for 
15 seconds. Raw Data of all samples were col-
lected and normalized to that of the control 
(miR-34a was normalized to U6 small nuclear 
RNA and SIRT6 was normalized to 18S). The 
gene expression of SIRT6 and miR-34a were 
calculated using the relative quantification 
equation (RQ=2-ΔΔCt) [27]. 

The protein expression level of SIRT6 in NSCLC 
tissues and normal tissues was detected by 
Western Blotting (WB). Protein concentrations 
were determined using BCA Protein Assay Kit 
(Keygen Biotech). Proteins extracted from 
NSCLC tissues and normal tissues were sepa-
rated in 10% SDS-polyacrylamide gels, elec-
troblotted onto an Immobilon-P transfer polyvi-
nylidene fluoride membrane 20 (Millipore, USA), 
detected with a rabbit anti-human SIRT6 mono-
clonal antibody (ab62739, 1:1000, Abcam, 
USA), a rabbit anti-human-GAPDH antibody 
(KC-5G5, 1:10,000, KangCheng bio, China) and 
then visualized by a commercial Immobilon 
Western HRP Substrate (WBKLS0500, Mil- 
lipore, USA) under dark conditions. 

Cell line and culture 

The A549 human NSCLC cell line was obtained 
from the Guangzhou Runwenbio company 
(Guangzhou, China). A549 cells were cultured 
in DEME high glucose medium supplemented 
with 10% fetal bovine serum (FBS; Hyclone, 
USA) and 1% penicillin and streptomycin, on the 
base of standard procedures. Cell were incu-
bated in a humidified incubator at 37°C sup-
plied with 5% CO2. Cells were treated as follows: 
negative control mimic (control group); miR-34a 
mimics (miR-34a group); overexpression of 
SIRT6 (SIRT6 group); knockdown od SIRT6 
expression by RNA interference (si-SIRT6 
group); cotransfected with miR-34a and SIRT6 
(SIRT6+miR-34a). The transfected processes 
were performed according to previous research 
[13, 20]. Then mRNA expressions of SIRT6 and 
miR-34a in A549 cells transfected with various 

vectors were measured based on the above-
mentioned methods.

Cell proliferation assay 

Cell proliferation was measured using the Cell 
Counting Kit-8 assay kit (Dojindo, Kumamato, 
Japan). The absorbance at 450 nm (OD450) of 
all samples was measured. The proliferation 
rates of cells from day 0 to day 5 were calcu-
lated based on OD450 values.

Cell cycle assay by flow cytometry 

The A549 cells were treated with NC, miR-34a, 
si-SIRT6, and SIRT6+miR-34a as above-men-
tioned and were cultured for 24 h. After 72 h, 
the cells were collected, fixed and then stained 
on the base of standard process. The cells 
were stained with a propidium iodide (PI) solu-
tion containing 100 μg/ml PI and 50 μg/ml 
RNase (Sigma, USA) in PBS at 37°C for 30 min 
in the dark. To remove cell clumps, the stained 
cells were passed through a nylon mesh sieve, 
and then the samples were analyzed by flow 
cytometry (BD, USA). Data were collected and 
analyzed by the CELL Quest and ModFit LT 
software.

Cell apoptosis analysis by flow cytometry 

The A549 cells treated with NC, miR-34a, si-
SIRT6, and SIRT6+miR-34a were harvested 
and washed after 48 h incubation. The cell 
apoptosis was analyzed by Annexin V-FITC/PI 
Apoptosis Detection Kit (Cataog no. KGA106; 
Nanjing Keygen Biotech Co., Ltd) according to 
manufacturer’s instruction. After staining, all 
samples were immediately measured on FAC- 
Sort flow cytometry (BD, USA). The data were 
analyzed using the Cell Quest 3.0 software (BD, 
USA).

Luciferase reporter assay 

The SIRT6-3’-UTR fragment containing putative 
binding sites for miR-34a was obtained and 
ligased (Takara, Japan) into the digested psi-
Check-2 plasmid (Promega, USA) between the 
XhoI and NotI sites. SIRT6-3’-UTR-targeted site 
mutations were generated using the KOD-plus 
mutagenesis kit (Toyobo, Japan) in the light of 
the manufacturer’s protocol. A549 cells were 
plated in a 96-well plate and then co-transfect-
ed with 200 ng/μl of plasmid and 50 nM miR-
34a or NC. After co-transfection 48 h, lucifer-
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fections were perfor- 
med in duplicate and 
repeated 3 times.

Tumor formation in 
BALB/c nude mice 

All experimental pro-
cedures involving an- 
imals were according 
to the Guide for the 
Care and Use of Labo- 
ratory Animals (8th 
edition) [28]. A549 
cells were pre-treated 
with the miR-34a mi- 
mics, si-SIRT6, SIRT6 
+miR-34a, and NC, 
respectively, and we- 
re incubated for 24 h. 
Then the cells were 
suspended with 100 
μl PBS (4×106 cells/
ml) and injected into 
right flank of the sa- 
me BALB/C female 

Figure 1. Expression of SIRT6 and miR-34a in four pairs of NSCLC tissues and normal 
tissues. N1, N2, N3 and N4 represent four normal tissues. C1, C2, C3, and C4 rep-
resent four NSCLC tissues. A. The mRNA expression of SIRT6 in NSCLC tissues and 
normal tissues, which were detected by RT-PCR. B. The mRNA expression of miR-34a 
in NSCLC tissues and normal tissues, which were detected by RT-PCR. C. The protein 
expression of SIRT6 in NSCLC tissues and normal tissues, which were detected by WB.

athymic nude mouse at 5-6 weeks of age (5 
mice for each group, n=5). The tumor size was 
monitored by measuring the length (L) and 
width (W) with calipers, and the volumes were 
calculated using the formula: (L×W2)/2. The 
tumor weight was also measured in the last day 
of the experiment. 

Statistical analysis 

All statistical analyses were performed with 
Statistical Package for the Social Sciences 
(SPSS) 19.0 software. The data are presented 
as the mean ± SD from three separate experi-
ments. Data were analyzed by One Way ANOVA 
analysis of variance for multiple comparisons. 
The statistical analysis was determined using 
LSD-t test for comparisons between control 
groups and other groups. During heterogeneity 
of variance, Tamhane’s T2 and Dunnett’s T3 
were conducted. Statistical significance was 
determined by paired or unpaired Student’s 
t-test in cases of standardized expression data. 
Differences were considered statistically sig-
nificant at P<0.05.

Results

Expression of SIRT6 and miR-34a in NSCLC tis-
sues and normal tissues

The mRNA expression of SIRT6 and miR-34a-
5p in NSCLC tissues and normal tissues were 

Figure 2. The mRNA expression of SIRT6 and miR-
34a-5p in NSCLC cell line A549 transfected with 
negative control, miR-34a, SIRT6 and SIRT6+miR-
34a. A. The expression of SIRT6 in A549 cells. B. The 
mRNA expression of miR-34a-5p in A549 cells.

ase activity was detected by the Dual-Glo 
luciferase assay kit (Promega, USA). The trans-
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determined by RT-PCR (Figure 1). The protein 
expression of SIRT6 in the NSCLC tissues and 
normal tissues were detected by WB with 
GAPDH as control (Figure 1). The gene and pro-
tein expression of SIRT6 in NSCLC tissues were 
higher than that in normal tissues. The gene 
expression of miR-34a-5p detected in NSCLC 
tissues was lower than that in normal tissues. 
The expression of SIRT6 and miR-34a were 
negatively correlated with each other.

Regulation of SIRT6 and miR-34a expression 
by transfection in cell lines

The gene expression of SIRT6 and miR-34a in 
A549 cells transfected with negative control 
(NC), miR-34a, SIRT6 and SIRT6+miR-34a were 
measured by RT-PCR (Figure 2). The results 
showed that the expression of SIRT6 in the 
A549 cells transfected with miR-34a were 
decreased compared with that in A549 cells 
transfected with NC. The expression of SIRT6 
was significantly increased in A549 cells trans-
fected with SIRT6. While the SIRT6 expression 
in the group A549 cells transfected with 
SIRT6+miR-34a were obviously decreased 
compared with that in group A549 cells trans-
fected with SIRT6. The expression of miR-34a 
in A549 cells transfected with SIRT6 was lower 
than that in A549 cells transfected with NC. 
The expression of miR-34a in A549 cells trans-
fected with SIRT6+miR-34a were lower than 
that in A549 cells transfected with miR-34a. All 
the results suggested that the expressions of 
miR-34a and SIRT6 were negatively related 
with each other.

The cells growth affected by SIRT6 and miR-
34a

To determine whether miR-34a and SIRT6 
mediates the growth of A549 cells, A549 cells 
were co-transfected with NC, miR-34a mimics, 
si-SIRT6 and si-SIRT6+miR-34a, then we deter-
mined the cells proliferation rate (Figure 3). 
Both downregulation of SIRT6 and overexpres-
sion of miR-34a inhibited the cells proliferation, 
which was indicated by OD450. The cells prolif-
eration was significantly slower in A549 cells 
contransfected with SIRT6+miR-34a than that 
in control group (A549+NC).

Apoptotic analysis and cell cycles of A549 
cells transfected with different vectors

To determine the effect miR-34a and SIRT6 
treatment on cell death and cell cycle, the 
apoptotic analysis and cell cycle of A549 cells 
transfected with different vectors were deter-
mined by flow cytometry (Figure 4). The A549 
cells transfected with NC, miR-34a, si-SIRT6 
and SIRT6+miR-34a were double-stained with 
Annexin V-FITC and PI. The shifts in cell popula-
tion with the different treatments clearly indi-
cated that apoptotic rate of the si-SIRT6-treat-
ed group is higher than that of the miR-34a, or 
SIRT6+miR-34a group, while the control group 
showed the lowest rate of apoptosis (Figure 4A 
and 4B). Downregulated the expression of 
SIRT6 promoted the cells apoptosis. We further 
examined the effect of miR-34a and SIRT6 on 
the A549 cell cycle by flow cytometry (Figure 
4C). Individually, miR-34a and si-SIRT6 treat-
ment increased the percentage of cells detect-

Figure 3. Cell growth affected by miR-34a and SIRT6. A. The effect of SIRT6 and miR-34a in cell growth. B. The pro-
liferation rate of A549 cells transfected with different vectors. The data are presented as the mean ± SEM.
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Figure 4. Apoptotic analysis of A549 cells transfected with different vectors. The data are presented as the mean 
± SEM. A. Cells were stained with Annexin V-FITC/PI and analyzed by flow cytometry to determine the population 
of cells at the early a late apoptosis in the different treatment groups: A549 cells transfected with negative control 
mimic-treated (control), miR-34a, si-SIRT6 and SIRT6+miR-34a. B. The percentage of apoptotic cells in each group 
relative to the cells was used to evaluate the apoptotic rates. C. Cell cycle profile changes of A549 cells transfected 
with different vectors were assessed by flow cytometry using PI staining to measure the DNA content. The data are 
presented as the average of triplicated values. 

Figure 5. SIRT6 is a direct target of miR-34a. A. Sequence alignment between miR-
34a and the 3’-UTR of the human SIRT6 mRNA seed-matching region or seed-mu-
tated region. B. Relative luciferase activity was calculated as follows: (Rluc miRNA/
Luc miRNA)/(Rluc no-target/Luc nontarget). The data are presented as the average 
of triplicate values. 

ed at the G1 phase. The percentage of cells at 
G1 phase detected in A549-SIRT6+SIRT6 were 
higher than that in control group, but were 
lower than that in A549-miR-34a or A549-si-
SIRT6 group. The results showed that downreg-
ulation of the SIRT6 and overexpression of miR-
34a block the cell cycle phase transition from 
G0/G1 to S. Both the si-SIRT6 and overexpres-
sion of miR-34a decreased the expression of 
SIRT6. Therefore, the SIRT6 promoted the cell 
progression and survival.

SIRT6 is a direct target of miR-34a in A549 
cells

To determine the molecular mechanism by 
which miR-34a induces cells growth arrest and 

senescence, we used 3 
open-target prediction 
programs, such as piTa- 
r, TargetScan and miR- 
anda, to predict the tar-
gets of miR-34a. To 
confirm our previous 
hypothesis, we com-
pared the sequence of 
3’-UTR of SIRT6 with 
miR-34a. The 3’-UTR of 
SIRT6 mRNA contained 
a complementary site 
for the seed region of 
miR-34a (Figure 5A), 
and the highly-matched 
bases attract our atten-
tion to investigate whe- 
ther SIRT6 is a putative 
target of miR-34a, 
SIRT6 is a notably at- 
tractive candidate be- 
cause it plays impor-
tant roles in the devel-
opment and progres-
sion of NSCLC.

To determine whether 
SIRT6 is the direct tar-
get gene for miR-34a, a 
dual-luciferase report-
er system was emplo- 

yed, the results showed in Figure 5B. The lucif-
erases reporter assay indicated that the lucifer-
ase activity of reporter containing the SIRT6 
gene’s wide-type 3’-UTR decreased (70%) fol-
lowing treatment with miR-34a mimics. By con-
trast, the inhibitory effect of miR-34a mimics 
was abolished in the mutated construct. 
Moreover, the decrease of luciferase activity 
induced by miR-34a was inhibited when miR-
34a inhibitor was introduced. The results indi-
cated that miR-34a most likely suppresses 
gene expression of SIRT6 through miR-
34a-binding sequence at the 3’-UTR of SIRT6. 
Therefore, the data indicated that miR-34a 
reduces SIRT6 expression by inhibiting transla-
tion and/or causing mRNA instability. 
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SIRT6 promotes tumor growth in vivo

To confirm the tumor suppressor role of miR-
34a, we established a BALB/c nude mouse 
xenograft model using A549 cells. The A549 
cells were pre-transfected with miR-34a, SI- 
RT6+miR-34a and si-SIRT6, respectively. Then 
these cells were respectively injected into 
female BALB/c nude mice to form tumor. The 
tumor volume was measured every 2 or 3 days 
until day 29. The final tumors weights were 
measured (Figure 6A and 6B). The tumor vol-
ume and weight of A549 cells treated with miR-
34a mimics were significantly reduced relative 
to A549-NC cell group. The results indicated 
that miR-34a introduction significantly inhibit-
ed the tumorigenicity of A549 cells in the nude 
mouse xenograft model. The tumor volume and 
weight of A549 cells treated with si-SIRT6 was 
obviously reduced compared with the group 
A549-NC, A549-miR-34a and A549-SIRT6+miR 
-34a. The results suggested that downregula-
tion of the expression of SIRT6 could inhibited 
the tumorigenesis. The tumor volume and wei- 
ght of the group A549-SIRT6+miR-34a were 

higher than that of the group A549-miR-34a, 
which suggested that SIRT6 expression inhibit-
ed the anti-cancer activity of miR-34a. Re- 
presentative photograph of NSCLC tissues 
formed in the nude mice were showed in Figure 
6C and 6D. All the results suggested that SIRT6 
indeed promoted the formation of lung cancer, 
while both miR-34a and downregulating the 
expression of SIRT6 inhibited the formation of 
lung cancer. 

Discussion

Both miR-34a and SIRT6 play important roles 
in human cancer, and the exact mechanism in 
different cancers are controversial. miR-34a 
was upregulated in CLL, while it was downregu-
lated in breast cancer, prostate cancer, osteo-
sarcoma, and lung cancer [11]. SIRT6 was also 
downregulated in clinical samples from pancre-
atic cancer, colorectal cancer and hepatocellu-
lar carcinoma [29-31]. As mentioned, de- 
creased SIRT6 might cause tumor formation 
and maintenance. However, other researchers 
showed that SIRT6 was upregulated in head 

Figure 6. miR-34a suppresses tumor growth in vivo. 
A and B: Tumor volume and tumor weight in nude 
mice, each group contained 5 mice (n=5); the data 
are presented as the mean compared with A549-
NC group. C and D: Representative photograph of 
NSCLC tissues formed when miR-34a and SIRT6-
treated cells were injected into nude mice.
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and neck squamous cell carcinoma (HNSCC), 
squamous cell carcinomas (SCCs), and CLL, 
which indicated that SIRT6 acted as an onco-
genic [29, 32, 33]. Other reports showed that 
high SIRT6 expression in prostate cancer and 
breast cancer patients were associated with 
their obviously poor prognoses [29]. SIRT6 
improved the resistance of prostate and breast 
cancer cells to anticancer drugs [34, 35]. SIRT6 
and miR-34a were associated with the NSCLC. 
Currently, previous reports verified that miR-
34a was downregulated in NSCLC tissues and 
cells and miR-34a acted as a cancer suppres-
sor in NSCLC [12, 14]. However, the functions 
of SIRT6 in NSCLC have no uniform conclu-
sions. The high expression of SIRT6 in the cyto-
plasm in NSCLC tissues was associated with 
poor prognosis of NSCLC patient [23]. SIRT6 
was a target gene of miR-34a in HKCs [25]. The 
relation of SIRT6 and miR-34a in NSCLC has 
not been studied, which is investigated in this 
paper. 

We discover that the gene expression of miR-
34a is decreased in NSCLC tissues compared 
that in normal tissues, which is consistent with 
the previous results. Conversely, the gene 
expression and protein expression of SIRT6 in 
NSCLC tissues are increased compared those 
in normal tissues, which is inconsistent with 
previous reported by Han et al., but agrees with 
the result of Azuma et al. [20, 23]. The negative 
correlation between SIRT6 and miR-34a in 
NSCLC tissues and normal tissues is consis-
tent with the previous findings in HKCs [25, 26]. 
Overexpression of SIRT6 in A549 cells induces 
the decrease of miR-34a level in A549 cells. 
SIRT6 is downregulated in A549 cells transfect-
ed with miR-34a mimics. Both downregulation 
of SIRT6 or overexpression of miR-34a inhibit-
ed the proliferation of A549 cells. Downregulated 
the expression of SIRT6 with siRNA or intro-
duced the miR-34a in A549 cells promoted the 
A549 cells apoptosis. Both the si-SIRT6 and 
overexpression of miR-34a decreased the 
expression of SIRT6. Therefore, the SIRT6 pro-
motes the A549 cell progression and survival, 
which is consistent with the results SIRT6 
improve the drug resistance of cancer cells 
[34]. Additionally, downregulation of the SIRT6 
and overexpression of miR-34a block the cell 
cycle transition from G0/G1 to S phase. The 
percentage of cells stay in G1 phase in A549 
cells treated with miR-34a and si-SIRT6 are 

higher than the control group. Our result further 
verifies the previous results that the miR-34a 
and miR15a/16 act synergistically to arrest the 
NSCLC cell cycle in G0/G1 as well as knock-
down of SIRT6 induces the arrest of G1 phase 
in human prostate cancer cells [15, 35]. The 
cell cycle results further demonstrate that miR-
34a or downregulation of SIRT6 promotes the 
cell apoptosis. The luciferase activity of report-
er data shows that miR-34a indeed regulates 
the expression and function of SIRT6 in NSCLC 
via binding to the 3’-UTR of SIRT6. Therefore, 
the SIRT6 is a target gene of miR-34a in NSCLC, 
which has also been proved in HKCs [26]. 
Animal experiments show that introducing miR-
34a or down-regulating the SIRT6 (si-SIRT6) 
suppresses the formation of NSCLC. All the 
results suggested that SIRT6 exhibits poten-
tially oncogenic roles in the tumorigenesis and 
progression of NSCLC. SIRT6 is the target gene 
of miR34a. Therefore, miR-34a acts as a tumor 
suppressor in NSCLC via targeting SIRT6.
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