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Abstract: Hepatocellular carcinoma (HCC) is one of the most prevalent and lethal cancers. It has been demonstrat-
ed that aberrant expression of miRNAs plays an important role in HCC development. Here, we observed decreased 
miR-125b expression status in tumor samples from HCC patients, and the five years survival rate of HCC patients 
with low miR-125b expression is poor. By using bioinformatics prediction tools combining with luciferase reporter 
assay, we identified that miR-125b can suppress the expression of SIRT6 by directly targeting the seed-matching 
region of its 3’UTR. Based on the analysis via TCGA and clinical samples data, the expression of SIRT6 showed 
negatively correlated with the expression of mir-125b. After knocking-out the expression of SIRT6 through CRISPR/
Cas9, HCC cells showed the decreased cell viability and invasiveness, which had the similar function upon the over-
expression of the miR-125b. The function induced by overexpression of miR-125b can be rescued by the restoration 
of SIRT6. Further experiments demonstrated that the HCC cells showed the significant cellular senescence and 
apoptosis upon overexpression of miR-125b or knockout SIRT6, which is in accordance with the compromised cell 
malignancy. Thus, we conclude that, by targeting SIRT6, miR-125b can function as a tumor suppressor to induce 
the cellular senescence and apoptosis in hepatocellular carcinogenesis and could provide a novel insight for HCC 
treatment.
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Introduction

Hepatocellular carcinoma (HCC) is the most 
lethal and frequent type of liver cancer in 
adults. The mortality of HCC is surprisingly high 
comparing with the overall cancer incidence. 
The accumulating evidences have been ad- 
dressed for the cause of this disease, including 
the high risk factors like infection of HBV or 
HCV, exposure to toxins such as alcohol or afla-
toxin, the fatty liver diseases, the aberrant gene 
expression situations, and deregulation of cel-
lular growth signaling pathways [1], however, 
the molecular pathogenesis of HCC is still not 
completely clear and needs further studies.

MicroRNAs are short, endogenous non-coding 
RNA molecules which regulate gene expression 
in multiple aspects. Post-transcriptional repres-
sion of target gene through Argonaute protein 
family involved RNA-induced silencing complex 

by base pairing to the 3’UTR of target gene 
mRNA is considered as the principle function of 
microRNA. The aberrant expression of microR-
NA is deeply associated with many diseases 
and is one of the critical reasons for the initia-
tion, development and prognosis of cancers [2]. 
Mature miR-125b originates from two precur-
sors: pre-miR-125b-1 (located at chr11q24.1) 
and pre-miRNA-125b-2 (located at chr21q21.1) 
[3]. Mounting evidences have proven a role for 
miR-125b in proliferation, apoptosis and cellu-
lar differentiation. The underlying molecular 
and cellular mechanisms are complex accord-
ing to the different targets that miR-125b might 
regulate and different signaling pathways that 
miR-125b might be involved [4].

SIRT6 is one of the NAD+-dependent Sirtuin 
family members. The Sirtuin protein family has 
seven members (SIRT1-SIRT7), which have the 
different enzymatic activity, subcellular local-
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ization, and target specificity and involved in 
regulation of different biological processes 
[5-7]. SIRT6 is located in the nucleus and plays 
a key role in genome stability [8-11], transc- 
riptional regulation [12], metabolism [7, 13], 
inflammation [14, 15], and the organismal lifes-
pan. SIRT6 has the protein deacetylase activity, 
which can deacetylate H3K9ac or H3K56ac 
and is required for transcriptional repression 
on NF-κB [16], C-JUN [17], MYC [13], and hypox-
ia-inducible factor-1α (HIF-1α) [18] mediated 
pathways. Moreover, SIRT6 can interact with 
SNF2H [19], CtIP [20] and PARP1 [9] to regu- 
late double strand break (DSB) repair process. 
SIRT6 konckout mice displayed severe proge- 
roid syndrome, profound hypoglycaemia and 
lifespan only for four weeks [21].

In recent years, numerous reports implied that 
the aberrant microRNA expression has the sig-
nificant correlation with HCC. MiR-125b is fre-
quently down-regulated in HCC patients, and its 
tumor suppressor role has been defined in sev-
eral studies [22]. To further understand the 
mechanism of miR-125b functions in HCC, we 
screened the potential targets of miR-125b and 
the significant negative correlation between 
miR-125b and SIRT6 was found. In addition, we 
discovered that the high SIRT6 expressions 
occurred in HCC patients accompanied with 
miR-125b down-regulation. Furthermore, we 
addressed the role of miR-125b and SIRT6 on 
HCC development and revealed the underlying 
mechanisms of SIRT6 knockdown induced cel-
lular senescence and apoptosis upon miR-
125b overexpression. Thus, our study highlight 
a novel perspective on HCC treatment.

Materials and methods

Human liver cancer tissue samples and cells

Hepatocellular carcinoma and adjacent (con-
trol) tissue specimens from 20 patients were 
used for the study. Written informed consent 
was obtained from all study participants. This 
study was approved by the Ethics Committee of 
Peking University.

HEK293T, HepG2 and Sk-hep-1 cells were 
grown in DMEM with 10% fetal bovine serum 
(FBS, Invitrogen, Carlsbad, CA) supplemented 
with 10% (v/v) FBS, 100 U/mL penicillin, and 
100 mg/mL streptomycin (Sigma-Aldrich).

CRISPR/Cas9 knockout cell lines

Both SIRT6 and miR-125b knockout cell lines 
were generated via CRISPR/Cas9 method. 

First, sgRNA sequences were designed via 
CRISPR designer at http://crispr.mit.edu/. Th- 
en, the LentiCRISPRv2 plasmid containing 
sgRNA was cotransfected with viral packaging 
plasmids (psPAX2 and pMD2G) into HEK293T 
cells. The medium was changed after six hours 
of transfection, and viral supernatant was fil-
tered through 0.45-mm strainer 42 hours later. 
After viral supernatant infection of target cells, 
1 mg/mL puromycin was used for cell selection 
for 2 weeks.

The sgRNA sequences targeting pre-miR-125b- 
1, pre-miR-125b-2 and exon 4 of human SIRT6 
gene are shown.

Pre-miR-125b-1: 5’-ACCGTTTAAATCCACGGGTT- 
3’. Pre-miR-125b-2: 5’-CTCTTGGGACCTAGGCG- 
GAG-3’. SIRT6: 5’-TACGTCCGAGACACAGTCGT-3’.

Plasmids

To generate wild-type (WT) reporter, the SIRT6 
3’-UTR containing miR-125b binding site was 
amplified and inserted into the psiCHECK-2 
vector. For mutated reporter (Mut), we used the 
overlap PCR method to generate mutated 
SIRT6 3’-UTR containing mutated miR-125b 
binding motif. After amplification, the resulting 
fragment was inserted into the psiCHECK-2 
vector. The SIRT6 3’-UTR was amplified with  
following primers: 5’-CCGCTCGAGCCAGGGTG- 
CTTGGGGA-3’ (forward), and 5’-ATAAGAATG- 
CGGCCGCGCAAGAAAGAAATTGTTTTTATTG- 
3’ (reverse). And the middle overlap primer: 5’- 
GAGCACTCAAACTCTGAGAGCTGTGCTCCA-3’ 
(forward), and 5’-TGGAGCACAGCTCTCAGAGTTT- 
GAGTGCTC-3’ (reverse).

To generate miR-125b overexpression con-
struct, we amplified the pre-miR-125b-1 gene 
locus with a flank about 100 bp and inserted 
into a pcDNA3.1. The primers used for amplifi-
cation are following: 5’-CGGGATCCGAAGAAAT- 
ACCATACCACCT-3’ (forward), and 5’-GCTCTAGA- 
GAGGTATACT CAATCACCTC-3’ (reverse). The 
cDNA of SIRT6 was amplified and cloned into 
pcDNA3.1 vector. And the following primers 
were used. 5’-CGCGGATCCGCCGCCATGTCGGT- 
GAATTACGCGGC-3’ (forward), and 5’-CCGCTCG- 
AGTCAGCTGGGGACCGCCTTGG-3’ (reverse). All 
expression constructs were checked by Sanger 
sequencing.

Western blot

Proteins were analyzed by Western blotting 
according to the standard methods. Visualiza- 
tion was performed using ECL (Thermo Fisher 
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Scientific, #32106). The antibodies used were 
commercially obtained: anti-b-actin (Santa Cruz 
Biotechnology, sc-47778, with 1:10,000 dilu-
tion), anti-SIRT1 (Santa Cruz technology, sc- 
74504, with 1:1,000 dilution), anti-SIRT2 (San- 
ta Cruz technology, sc-20966, with 1:1,000 
dilution), anti-SIRT3 (Cell Signaling Technology, 
#5490S, with 1:1,000 dilution), anti-SIRT4 (Sa- 
nta Cruz technology, sc-135797, with 1:1,000 
dilution), anti-SIRT5 (Cell Signaling Technology, 
#8782, with 1:1,000 dilution), anti-SIRT6 (Cell 
Signaling Technology, #12486, with 1:1,000 
dilution), anti-SIRT7 (Cell Signaling Technology, 
#5360S, with 1:1,000 dilution), anti-P16 (Ab- 
cam, ab51243, with 1:1,000 dilution), anti-
Caspase 3 (Santa Cruz technology, sc-7148, 
with 1:1,000 dilution) and anti-Bax (Cell Sig- 
naling Technology, #2772S, with 1:1,000 di- 
lution).

qRT-PCR

Total RNA, including miRNA, was extracted 
from cell/tissue with TRIzol reagent (Sigma), 
and RNA was reverse transcribed into cDNA  
by qPCR RT Kit (FSQ-101 TOYOBO). The gene 
expression level was determined with a qPCR 
SYBR Green Master Mix (Q131-03 Vazyme) 
using the 7500 Fast Real-time PCR System 
(Applied Biosystems). MiR-125b-5p expression 
was assessed by qRT-PCR with the following 
primers: 5’-GGGTCCCTGAGACCCTAAC-3’ (for-
ward), and 5’-CAGTGCGTGTCGTGGAGT-3’ (re- 
verse). And a stem-loop primer, 5’-GTCGTATCC- 
AGTGCGTGTCGTGGAGTCGGCAATTGCACTG- 
GATACGACTCACAA-3’, was used for miR-125b-
5p reverse transcription. The control primers 
(U6) were 5’-CTCGCTTCGGCAGCACA-3’ (for-
ward) and 5’-AACGGTTCACGAATTTGCGT-3’ (re- 
verse). SIRT6 mRNA expression was assess- 
ed by qRT-PCR with the following primers: 
5’-CCAAGTTCGACACCACCTTT-3’ (forward), and 
5’-CGGACGTACTGCGTCTTACA-3’ (reverse). The 
control primers (β-actin) were 5’-CGGGACCT- 
GACTGACTACCTC-3’ (forward) and 5’-ATTGGAA- 
CGATACAGAGAAGATT-3’ (reverse). The relative 
fold expression of the target, normalized to  
the corresponding control, was calculated by 
the comparative Ct methods.

Immunohistochemistry

For immunohistochemistry, formalin preserved 
tissue samples were dehydrated using ethanol 
and embedded in paraffin. Then formalin-fixed 

paraffin-embedded tissue was cut in sections 
of 5 μm thickness for SIRT6 visualization. The 
paraffin-embedded tissue samples were immu-
noassayed using the immunohistochemistry 
detection kit (Zsbio, Beijing, China, #PV-9001) 
by following the manufacturer’s instructions. 
SIRT6 (Cell Signaling Technology, #12486, with 
1:50 dilution) was stained with DAB (Zsbio, 
Beijing, China, #ZLI-9018) and counterstained 
with hematoxylin. Brown-stained cells were 
considered positive. Stained sections were 
observed and imaged under a microscopy 
(Eclipse TS100, Nikon).

Luciferase assay

For luciferase report assay, cells were seeded 
in 6-well plates at a density of 1×105 cells per 
well. The cells were cotransfected with lucifer-
ase reporters, either wild-type or mutant SIRT6 
3’UTR, in combination with miR-125b-5p mim-
ics or negative control by using Lipofectamine 
2000. After 48 hours, the firefly and renilla 
luciferase activity were mearsured and ana-
lyzed according to the manufacture’s instruc-
tion (Promega). The microRNA mimic was ac- 
quired from Ribobio (Guangzhou, China).

Colony formation assay

For colony formation assay, cells were seeded 
in 6-well cell culture plates (2000 cells per 
well). Cells were cultured for two weeks, and 
the medium was kept fresh. Then colonies were 
fixed with 4% paraformaldehyde and stained 
with 0.2% crystal violet for 30 mins. The num-
ber of colonies with more than 1 mm diameters 
was counted.

Wound healing assay

The cells were seeded into 6-well cell culture 
plates and cells overgrew in the dish around 24 
hours. Then, a wound track was introduced by 
scraping the cell monolayer with a sterile yellow 
plastic tip. Cell migration was observed and 
imaged by microscopy (Eclipse TS100, Nikon) in 
different time points.

Transwell assay

For the transwell assay, the inserting chambers 
(Corning, #3422) coated with MaxGelTM ECM 
(Sigma-Aldrich, #E0282) were inserted into 
24-well culture plate and placed in the cell cul-
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ture hood for 2 hs at 37°C. Then cells were 
seeded onto the chambers in the upper wells in 
serum-free medium, and the lower wells were 
placed with normal growth medium. After 48 
hs, the non-invading cells and Matrigel matrix 
were gently removed with a cotton swab. The 
invasive cells attached to the lower surfaces of 
the chamber membranes were stained with 
Crystal Violet, counted and photographed by 
microscopy (Eclipse TS100, Nikon).

SA-β-gal assay

Cellular senescence was assayed via the mea-
surement of β-galactosidase (SA-β-gal) activity 
with the SA-β-gal staining kit (Cell Signaling 
Technology, #9860) in accordance with the 
manufacturer’s instructions. Cells were seeded 
in 6-well cell culture plate and overgrew around 
24 hours. Then, the growth medium was re- 
moved and the cells were washed three times 
with 1 ml phosphate buffered saline (PBS) and 
fixed with 1 mL of fixative solution for 15 mins 
at room temperature. After the fixative solution 
was removed, cells were washed three times 
with PBS and incubated with the staining solu-
tion mix overnight at 37°C in a CO2-free cell  
culture hood. Staining cells were counted and 
photographed by microscopy (Eclipse TS100, 
Nikon).

Statistical analysis

Data are presented as means ± Standard 
Deviation (SD). Statistical comparisons were 
determined by two-tailed Student’s t-test. P val-
ues of less than 0.05 were considered statisti-
cally significant.

Results

MiR-125b is aberrantly expressed in HCC and 
is associated with sirtuin family

Aberrant miR-125b expression is associated 
with multiple diseases, and the differential 
expression status might imply the role of miR-
125b involved in HCC carcinogenesis. In order 
to address the miR-125b expression in HCC, we 
acquired 20 pairs of clinical HCC samples to 
examine miR-125b levels by qPCR (Figure 1A). 
The expression levels of miR-125b were down-
regulated in HCC tissues compared to the  
adjacent non-tumor tissues, which is consis-
tent with the TCGA clinical data (Figure 1B). 

Additionally, the miR-125b downregulated pa- 
tients have the worse overall survival rates  
[23] (Figure 1C). 

To find the potential targets of miR-125b that 
might be involved in HCC carcinogenesis, we 
searched the candidate targets by using the 
bioinformatics tools [24]. Interestingly, among 
all 7 members of sirtuin family, we found that  
5 members, including SIRT2, SIRT3, SIRT5, 
SIRT6 and SIRT7, have miR-125b binding sites 
(Figure 1D, 1E). Both SIRT3, SIRT5, SIRT6 and 
SIRT7 were suppressed under miR-125b mimic 
transfection in HepG2 cell lines (Figure 1F). 
Additionally, SIRT6 and SIRT7 has been found 
deregulated in HCC according to the analysis 
on TCGA database via GEPIA bioinformatics 
[25] (Figure 1G). 

SIRT6 is the target of miR-125b and is up-
regulated in HCCs

We conducted a luciferase assay to confirm  
the inverse correlation between miR-125b and 
SIRT6. The 3’UTR of SIRT6 was cloned into 
luciferase reporter vector (WT-vector) and the 
resulting vector was co-transfected with miR-
125b mimic into 293T cells. The luciferase ac- 
tivity was significantly decreased after dual-
transfection with mimic and reporter vector. To 
investigate whether the seed region of 3’UTR  
is critical for miR-125b to induce the transla- 
tion suppression. The mutation was introduced 
into the seed sequence, which was unable to 
bind to the predicted miR-125b binding site. 
The luciferase activities showed no differen- 
ces after co-transfection with mimic and Mut-
vector (Figure 2A). The relationship between 
miR-125b and SIRT6 was also determined via 
western blot analysis, which showed that the 
endogenous SIRT6 protein levels were signifi-
cantly suppressed upon the overexpression of 
miR-125b in 293T cells (Figure 2B). In addition, 
the upregulated expression levels of SIRT6 
were also verified by qPCR, western blot and 
IHC (Immunohistochemistry) assays on clinical 
HCC samples and TCGA data (Figure 2C-F). 
Notably, the expression levels of SIRT6 in HCC 
are negatively correlated with miR-125b. Along 
with the fact that the patients with high levels 
of SIRT6 have poor 5 years overall survival rate 
(Figure 2G), we postulated that miR-125b-
SIRT6 regulatory axis might have clinical sig- 
nificance. 
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Figure 1. MiR-125b is aberrantly expressed in HCCs and is associated with sirtuin family. A. The miR-125b expression level in clinical samples was analyzed by 
qPCR. B. miR-125b is differentially expressed in HCC patients and HTSeq-Counts data acquired from TCGA database, which is shown with a logarithmic conversion 
(log2counts). Unpaired t-test. C. miR-125b gene is related with the overall survival rate of HCC patients. Red line: high expression, blue line: low expression. Data is 
acquired from TCGA database and analyzed via LinkedOmics bioinformatics [23]. D. Schematic illustrations showing exact position and numbers of miR-125b bind-
ing sites of certain sirtuin family members. E. The predicted binding site of miR-125b in the 3’UTR of SIRT2, SIRT3, SIRT5 SIRT6 and SIRT7 mRNA is analyzed via 
TargetScan bioinformatics [24]. F. Western blots shows the protein level of SIRT1-SIRT7 in cells transfected with miR-125b mimic or control mimic in HepG2 cell 
lines. G. The expression of SIRT1-SIRT7 in HCC patients. The results, based on TCGA database, were acquired from GEPIA bioinformatics [25].
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Figure 2. SIRT6 is the target of miR-125b and is up-regulated in HCCs. A. Dual-luciferase reporter assays. Sequenc-
es encoding wild-type and mutated fragments, mutated sequence, shown in the right panel, of the SIRT6 3’-UTR 
were inserted into a luciferase reporter plasmid. MiR-125b mimic was co-transfected with reporter plasmid into 
293T cells. Relative renilla luciferase expression was normalized to firefly luciferase. B. Western blots shows the 
SIRT6 protein level in cells transfected with miR-125b mimic or control mimic. C. SIRT6 protein in tissue samples 
were measured by western blotting (adjacent non-tumor tissue (left lane) versus tumor tissue (right lane)). β-actin 
was used as loading control. D. Immunohistochemistry (IHC) shows the SIRT6 expression in adjacent non-tumor 
tissues (left) and tumor tissues (right). E. The level of SIRT6 mRNA in tissue samples was detected by qRT-PCR. 
Data were analyzed using 2-ΔCT method in tissue samples and normalized to the expression of β-actin. F. SIRT6 ex-
pression in HCC patients and HTSeq-Counts data acquired from TCGA database, which is shown with a logarithmic 
conversion (log2counts). Unpaired t-test. G. SIRT6 gene is related with the overall survival rate in HCC patients. Red 
line: high expression, blue line: low expression. Data is acquired from TCGA database and analyzed via Linked Omics 
bioinformatics [23].
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Figure 3. The SIRT6 and miR-125b knockout induced by CRISPR/Cas9 affects the cell proliferation. A. Schematic 
illustration on miR-125b knockout design. The orange character represents the mature miR-125b sequence and 
blue character represents the sgRNA sequence. B. Genome sequencing on pre-miR-125b-1 and pre-miR-125b-2. 
The expression of miR-125b is successfully eliminated by CRISPR/CAS9 via two sgRNAs targeting both the genomic 
region of pre-miR-125b-1 and pre-miR-125b-2 separately. C. Genome sequencing on exon 4 of SIRT6. D. The SIRT6 
expression in SIRT6 knockout HepG2 cell lines induced by CRISPR/Cas9 was determined via western blot assay. E. 
The cell proliferation of miR-125b and SIRT6 knockout cell lines was investigated by colony formation assay. Upper 
lane: HepG2 cell lines. Lower lane: Sk-hep1 cell lines.
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The SIRT6 and miR-125b knockout induced by 
CRISPR/Cas9 affects the cell proliferation

To investigate the role of miR-125b and SIRT6 
in HCC carcinogenesis, we generated both miR-
125b and SIRT6 knockout (125b KO and SIRT6 
KO) HCC cell lines via CRISPR/Cas9 technique. 
Considering the generation of mature microR-
NA relies on a series processing on pre-mic- 
roRNA stem-loop structure, the sgRNA was 
designed on the stem-loop sequence in order 
to destroy the spatial conformation (Figure 3A). 
The genome sequencing results confirmed the 
miR-125b gene was successfully eliminated 
(Figure 3B). The SIRT6 knockout cell lines were 
also generated through CRISPR/Cas9 (Figure 
3C) and the SIRT6 expression was completely 
eliminated in SIRT6 knockout cell lines (Figure 
3D). Using these cells, we performed the colony 
formation assay to examine whether the cell 
proliferation has been affected. We found the 

diminished cell proliferation rate in SIRT6 KO 
cell lines. Whereas, the 125b KO cell lines 
showed the increased cell proliferation rate 
(Figure 3E). These observations indicated that 
miR-125b and SIRT6 affect cell proliferation in 
an opposite way.

MiR-125b-SIRT6 axis affects HCC cell migra-
tion

We further examined whether miR-125b and 
SIRT6 might affect HCC cell migration. Along 
with the SIRT6 and miR-125b knockout cell 
lines, the miR-125b overexpression and SIRT6 
overexpression (125b OE and SIRT6 OE) HCC 
cell lines were generated in order to give a com-
prehensive understanding on the cell function. 
Through wound scratch assay, we found that 
miR-125b OE and SIRT6 KO cell lines have the 
larger wound closure areas comparing to the 
controls and even larger than that formed by 

Figure 4. MiR-125b-SIRT6 axis affects the cell migra-
tion of HCC cells. A. The effect of miR-125b on the 
migration of HepG2 and Sk-hep-1 cell lines. A repre-
sentative photograph from three independent experi-
ments is shown one. The plot shows the results of 
wound healing assay as mean ± SD of open wound 
area. Statistical analysis was performed using t-test. 
B. The effect of SIRT6 on the migration of HepG2 and 
Sk-hep-1 cell lines. C. The cell migration ability of 
125b overexpression HepG2 and Sk-hep-1 cell lines 
upon SIRT6 transfection.
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125b KO and SIRT6 OE cell lines (Figure 4A, 
4B). When we reintroduced SIRT6 into 125b OE 
cell lines, the weakened migration ability was 
recovered along with the narrowed wound area 
(Figure 4C). These results indicated that miR-
125b and SIRT6 are involved in the HCC cell 
migration and the migration induced by SIRT6 
can be neutralized by miR-125b.

MiR-125b-SIRT6 axis affects HCC cell invasion 

Next, we conducted transwell assay to evaluate 
the influence of miR-125b and SIRT6 on HCC 
invasion. Comparing with 125b KO and SIRT6 
OE cell lines, the invasive cell numbers of  
125b OE and SIRT6 KO cell lines were signifi-
cantly decreased (Figure 5A, 5B). Reintroduc- 

Figure 5. MiR-125b-SIRT6 axis affects the cell invasion on HCC cells. A. The cell invasion ability of miR-125b on 
HepG2 and Sk-hep-1 cell lines via transwell assay. The invasive cells stained by crystal violet were shown in a rep-
resentative photograph. The plot data showing the invasive cell counts were presented as the mean ± SD, n=3. 
Statistical analysis was performed using t-test. B. The cell invasion ability of SIRT6 on HepG2 and Sk-hep-1 cell lines. 
C. The cell invasion ability of 125b overexpression HepG2 and Sk-hep-1 cell lines upon SIRT6 transfection.
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ing SIRT6 into 125b OE cell lines was able to 
restore the decreased invasive cell numbers  
as expected (Figure 5C). Accordingly, this evi-
dence is in line with the conclusion on the cell 
proliferation and migration.

MiR-125b induces HCC senescence and apop-
tosis via SIRT6 inhibition

We further investigated the associated func-
tion of SIRT6 to explain the phenotype change 
caused by these two genes. Regarding of the 
function of SIRT6 and the previous study, we 
speculated that the lost function of SIRT6 could 
induce cellular senescence and apoptosis of 
the HCC cells. Therefore, we performed β-GAL 
staining assays and found that both miR-125b 
OE and SIRT6 KO cell lines have the increased 
β-GAL positive cell proportion, and the β-GAL 
positive cell proportion was decreased in miR-
125b overexpression cell lines upon co-trans-
fection with SIRT6 (Figure 6A, 6B). Moreover, 
cellular senescence associated protein P16 
and apoptosis associated protein Bax and Ca- 
spase 3 were significantly increased upon SI- 
RT6 knockout and miR-125b overexpression, 
whereas these effects were eliminated upon 
SIRT6 restoration. In summary, we found that 
the inhibition of SIRT6 induced by miR-125b is 
able to trigger the cell senescence and apop- 
tosis and inhibit the malignancy of HCCs.

Discussion

HCC is one of the most prevalent lethal can- 
cers worldwide. The carcinogenesis of HCC  
has already been studied for many years and 
recognized as a complex process. General tre- 
atment in clinical practice has severe shortag-
es, along with tremendous pain and economic 
burden, and the mortality remains high [26, 
27]. Lack of the molecular and cellular knowl-
edge on the initiation and development of  
HCC is the huge obstacle for diagnosis and 
treatment. Recently, microRNA related thera-
peutic methods showed big advantage and 
bright application prospection, especially on 
diagnose and drug discovery [28, 29]. Explor- 
ing the molecular and cellular mechanism of 
microRNA involved in carcinogenesis is the  
key to developing novel HCC treatment. Mo- 
unting evidences have proven a role for miR-
125b in proliferation, apoptosis and cellular dif-
ferentiation. The underlying molecular and cel-
lular mechanisms are complex according to  

the different targets that miR-125b might regu-
late and different signaling pathways that miR-
125b might be involved [4]. Also, miR-125b can 
be either oncogenes or tumor suppressors 
depending on its targets. The role as an onco-
gene or a tumor suppressor of miR-125b can 
be changed in one cancer type to another, and 
its expression also varies in different cancers 
[4, 22]. In this study, we confirmed that miR-
125b was significant down-regulated in HCC 
tumor samples. And miR-125b down-regulation 
in HCC patients is associated with a poor  
five-year survival rate (Figure 1C). The bioinfor-
matics prediction showed that SIRT6 is a  
direct target of miR-125b as long as it can  
bind to the 3’UTR of SIRT6 to suppress SIRT6 
mRNA translation, and this prediction is veri- 
fied with dual-luciferase assay. Additionally, 
patients with high level of SIRT6 showed poor 
five-year survival rate (Figure 2G). Thus, the 
reciprocal correlation of miR-125b and SIRT6  
is not only exist in molecular level, but also in 
clinical relevance.

As a posttranscriptional regulator, the func-
tions of microRNA are deeply associated with 
its target genes. SIRT6 acts like a double-edge 
sword in carcinogenesis [6]. In bladder and 
prostate cancers, SIRT6 was suppressed via 
E2F-1 pathway [30]. In colorectal cancer, SI- 
RT6 suppresses Myc-related genes expression 
and glycolytic pathway, and SIRT6 downregula-
tion accelerates tumor progression and leads 
to poor prognosis [13]. In pancreatic ductal 
adenocarcinoma, SIRT6 suppression can ca- 
use histone hyperacetylation at the Lin28b  
promoter and upregulate Lin28b expression, 
which inhibits Let7 expression. Therefore, HM- 
GA2, IGF2BP1 and IGF2BP3, and targets of 
Let7 were upregulated to enhance cancer pro-
gression and metastasis [31]. Several studies 
also reported SIRT6 overexpression in breast 
cancer, ovarian cancer, retinoblastoma, lym-
phocytic leukemia, squamous cell carcinoma, 
and peripheral blood of patients with head  
and neck squamous cell carcinoma [12]. One of 
the important functions of SIRT6 is the regula-
tion of ageing. SIRT6 depletion leads to H3K9 
hyperacetylation in telomere, which triggered 
end-to-end chromosomal fusions and compro-
mised WRN occupancy at telomeres, thus 
caused cellular senescence [32]. Additionally, 
in NF-κB signaling, hyperactive NF-κB signaling 
initiated via SIRT6 deficiency may contribute to 
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Figure 6. MiR-125b induces HCC senescence and apoptosis via inhibiting SIRT6. A. Senescence-associated 
β-galactosidase staining was used to exhibit senescence-like phenotypes in SIRT6 knockout HepG2 and Sk-hep-1 
cell lines. Cells with positive staining were shown in a representative photograph. Positive staining cell counts were 
presented as the mean ± SD, n=3. Statistical analysis was performed using t-test. B. SA-β-gal staining assay show-
ing the cell senescence rate in miR-125b overexpression cells and miR-125b overexpression HepG2 and Sk-hep-1 
cells upon SIRT6 transfection. C. Western blots shows the SIRT6, P16, Bax and Caspase3 protein level in cells of 
each group as treated above. β-actin was used as loading control.
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premature and normal aging [16]. On the other 
hand, SIRT6 related apoptosis has been proved 
as an important reason for certain diseases 
[33, 34]. Here, through colony formation, wound 
healing and transwell assays, we addressed 
SIRT6 as an oncogene to accelerate cancer 
progression, proliferation and metastasis in 
HCC, and this feature is opposite to miR-125b. 
Subsequently, the SIRT6 knockout is able to 
induce the cellular senescence and apoptosis, 
which has similar effect upon miR-125b ove- 
rexpression. Additionally, miR-125b can reverse 
SIRT6 oncogenic ability via the cellular senes-
cence and apoptosis induced by SIRT6 sup-
pression. Thus, the cellular senescence and 
apoptosis induced by SIRT6 repression is the 
underlying mechanism of the malignancy elimi-
nation of HCC cells induced by miR-125b over-
expression. However, the role of SIRT6 in HCC 
we defined isn’t in line with some other groups’ 
findings. By investigating a publicly available 
cancer microarray database and their recently 
published HCC database, Marquardt et al. [35] 
found that the decreased SIRT6 expression 
occurred in HCC specimens, this discrepancy 
might happened due to different investigation 
methods and different HCC population, our 
observations on this issue are in accordance 
with Ran and colleagues [36]. Be that as it may, 
we believe either observations can be reason-
able. As for transition progress of normal to 
HCC, SIRT6 may serve as tumor suppressor in 
maintaining homeostasis and genomic stabili-
ty, thus SIRT6 suppression accelerates cancer 
progress, once cancer reached advanced 
stage, it may harness the ability of SIRT6, e.g. 
anti-apoptosis and anti-senescence, to estab-
lish a new balance which favors carcino- 
genesis. 

In fact, we found that miR-125b is capable of 
targeting lots of sirtuin family members, this 
insinuates miR-125b might have strong correla-
tion with sirtuin family and even have an evolu-
tionary conserved manner to some extent. On 
the basis of our analysis on clinical data, we 
found that the suppression of SIRT6 and SIRT7 
occurred in HCC [25] (Figures 1G, 2C-F). Kim et 
al. [37] found that the up-regulation of SIRT7 in 
HCC potentiates tumorigenesis by cell cycle 
acceleration and protein synthesis enhance-
ment. Yet the role of SIRT6 in HCC, anti-senes-
cence and anti-apoptosis, we addressed here 
is more like losing brake. Both SIRT6 and SIRT7 

act as oncogene in HCC and are downstream 
target of miR-125b, this makes miR-125b as  
a potent tumor suppressor, and loss function  
of miR-125b is considered a critical process 
upon HCC development.

Taken together, our findings elucidated that 
miR-125b attenuates HCC carcinogenesis by 
targeting SIRT6-mediated cellular senescence 
and apoptosis. Our study uncovered a new 
understanding of how miR-125b affects carci-
nogenesis of HCC and may represent a novel 
therapeutic targets for the treatment of HCC.
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