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Abstract. miR-26a is known to play an important onco-
suppressive role in HCC. However, its regulatory role and 
relationship with other non-coding RNAs is less clear. In the 
present study, we report that the expression levels of miR-26a 
and long non-coding RNA (lncRNA) maternally expressed 
gene 3 (MEG3) were frequently downregulated in HCC tissues 
compared to matched non-malignant tissues. In addition, 
the expression levels of miR-26a and MEG3 were negatively 
correlated with the tumor sizes and TNM clinical stage 
in HCC patients. Overexpression of miR-26a significantly 
reduced the capacity of proliferation, invasion and migration 
of HCC cells. Moreover, we demonstrated that DNA methyl-
transferase 3b (DNMT3B) was a direct target gene of miR-26a. 
Overexpression of miR-26a suppressed the expression level of 
DNMT3B. Inhibited expression of DNMT3B showed similar 
tumor suppressive effects induced by miR-26a upregulation, 
and resulted in the upregulation of MEG3. Furthermore, we 
found that the expression levels of DNMT3B were upregulated 
in the HCC tissues compared with non-malignant tissues, and 
it was inversely correlated with miR-26a and MEG3 in HCC 
tissues. Thus, these results provided a plausible link between 
the observed reduction of miR-26a and MEG3 in HCCs. 
Together, the present study added miR-26a/DNMT3B/MEG3 
axis to the complex mechanisms of HCC development.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most frequent 
diagnosed cancer and one of the most common cause of 

cancer-related death worldwide (1,2). Although the diagnostic 
and therapeutic techniques of HCC have gradually improved, 
the morbidity and mortality of HCC continue to show an 
upward trend (3-6). The potential molecular mechanisms are 
critical for understanding the development and progression 
of HCC (7). Therefore, we need to further understand the 
pathogenesis of HCC and identify novel molecular markers to 
improve the diagnosis and treatment of HCC.

Among the large scale of mammalian genome, only a small 
fraction of transcripts represent protein-coding genes (8), the 
involvement of non-protein coding genes also act as critical 
regulators in pathogenesis and growth of various human 
diseases including cancer processes (9,10). MicroRNAs 
(miRNAs), a group of short non-coding RNAs (20-25 nucleo-
tides) that have been extensively studied and identified to be 
crucial transcriptional regulators of carcinogenesis (11,12). 
miRNAs regulated target gene expression by induce messenger 
RNAs (mRNA) degradation and inhibit the translation and 
stability of mRNAs through binding to the 3'-untranslated 
region (3'-UTR) (13,14). Numerous miRNAs were identified 
from thousands of cancer related studies serving as promising 
biomarkers or therapeutic targets (15,16). For instance, miR-21, 
miR-124, miR-148a and miR-384 have been reported to be 
involved in the progression of HCC (17-20). In recent years, 
emerging studies showed that aberrant expression of long non-
coding RNAs (lncRNAs), a class of ncRNAs more than 200 
nucleotides in length, was involved in the tumorigenesis and 
development of various cancer, including HCC (21-24). Present 
research demonstrated that lncRNA function as competing 
endogenous RNAs (ceRNAs) or act as molecular ‘sponges’ to 
regulate the concentration, expression and biological functions 
of miRNAs (25). For example, Hu et al (26) found that long 
non-coding RNA GAS5 suppressed the migration and inva-
sion of HCC cells through negative regulation of miR-21 and 
its downstream targets. Nevertheless, the underlying mecha-
nism for the miRNA/lncRNA trans-regulatory function in 
HCC remains unclear.

miR-26a has been reported to act as tumor suppressor via 
targeting specific downstream genes in several human cancers, 
such as pancreatic, breast, bladder and gastric cancer (27-30). 
MEG3, one of the most significantly downregulated lncRNAs 
in HCC, encodes a long non-coding RNA of ~1700 nucleo-
tides and function as a tumor-suppressor in HCC (31). Notably, 
the study also demonstrated that miR-29a could regulate the 
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expression level of MEG3 through the modulation of DNMT3B 
activity in HCC (31). In the present study, we identified that 
both miR-26a and MEG3 were significantly decreased in HCC 
compared to matched non-malignant tissues and showed nega-
tive correlation between them. This leads to the hypothesis that 
miR-26a could also silence the expression of MEG3 in HCC 
via similar mechanism. Therefore, we conducted the present 
study to investigate the role of miR-26a and examined whether 
miR-26a suppresses HCC growth and metastasis by targeting 
DNMT3B/MEG3 axis.

materials and methods

Samples and cell line growth conditions. Forty-six patients 
who received curative resection for HCC at the First Affiliated 
Hospital of Xi'an Jiaotong University between June 2015 and 
May 2016 were enrolled in the study. None of the patients 
received any chemotherapy or radiotherapy treatments before 
surgery. Tumor tissues and matched adjacent non-malignant 
tissues (3-5 cm distal to the edge of tumor) were immedi-
ately frozen in liquid nitrogen or stored at -80˚C until RNA 
extraction. All patients signed the informed consent and the 
study was approved by the Institutional Ethics Committee. 
The human HCC cell lines (HepG2, Hep3B, MHCC97-H and 
SMCC-7721) and normal liver cell line (LO-2) were obtained 
from the Shanghai Institutes of Biological Sciences (Shanghai, 
China). Cells were grown in Dulbecco's modified Eagle's 
medium (DMEM; Gibco-Invitrogen, Carlsbad, CA, USA) 
supplemented with 10% fetal bovine serum (FBS) and 1% 
antibiotics, cultured at 37˚C in 5% CO2 humidified incubator.

RNA isolation and quantitative real-time polymerase chain 
reaction (qRT-PCR). Total RNA was isolated from specimens 
and cultured cells by using TRIzol reagent (Invitrogen) 
according to the manufacturer's protocol. qRT-PCR were used 
to detect the expression levels of miRNA, mRNA and lncRNA 
on Thermal Cycler Dice Real-Time system. The required 
reagents, including Mir-X miRNA qRT-PCR SYBR kit, 
PrimeScript RT Master Mix and SYBR Premix Ex Taq™ II, 
were purchased from Takara Bio (Shiga, Japan). The primers 
for specific genes were as follows: DNMT3B-F, 5'-GCTCTTA 
CCTTACCATCG-3'; DNMT3B-R, 5'-GATACTCTGAACT 
GTCTCC-3'. MEG3-F, 5'-GGCTGAAGAACTGCGGATG-3'; 
MEG3-R, 5'-CCAGGAAGGAGACGAGAGG-3'. Bio-Rad 
CFX Manager 2.1 software was used for analysis of qRT-PCR. 
All experiments were performed in triplicate and 2-ΔΔCt was 
regarded as the analytic formula.

Cell transfection. hsa-miR-26a mimics and negative control 
(NC) were purchased from Guangzhou RiboBio, Co., Ltd. 
(Guangzhou, China). Small interfering RNA against 
DNMT3B and negative control (NC) were designed by 
Shanghai GenePharma, Co., Ltd. (Shanghai China). The 
sequences of the si-DNMT3B were as follows: sense 
5'-GUACCAUGCUCUGGAGAAATT-3' and antisense 
5'-UUUCUCCAGAGCAUGGUA CTT-3'. Both HepG2 and 
MHCC97-H cells were seeded onto 6-well plates, ensured 
80% confluence at the time of transfection. Transfection was 
carried out using Lipofectamine 2000 (Invitrogen) method 
following the manufacturer's protocol.

Cell viability assay. MTT (3-(4,5-dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide) assay was used to measure 
cell proliferation. In Brief, HepG2 and MHCC97-H cells 
were seeded in 96-well plates at a density of 6,000 cells/well, 
incubated in appropriate medium. After transfection for 24, 
48, 72 and 96 h, cells were subsequently cultured in medium 
with 0.5 mg/ml MTT for 4 h. Following removal of the super-
natant and 150 µl dimethyl sulfoxide (DMSO) was added. 
Then the optical density (OD) at 490 nm was determined by 
EnSpire Multimode plate reader (Perkin-Elmer, Waltham, 
MA, USA).

Transwell assay. Transwell assay was performed to assess 
cell migration and invasion after transfection for 48 h. For 
invasion, the upper chambers were pre-coated with Matrigel 
(BD Biosciences, San Jose, CA, USA). Cells (2x104) in serum-
free medium were seeded into the top chambers of an insert 
(8 µm pore size; Merck Millipore, Billerica, MA, USA), which 
were soaked into the bottom chambers filled with complete 
medium. For migration, Matrigel was not needed to coat the 
upper membrane, then the same invasion assay was performed. 
After 48 h of incubation, the chambers were fixed by 4% para-
formaldehyde and then stained with 0.1% crystal violet. The 
cells passing through the film were observed under an optical 
microscope, 10 field-of-view counts were selected and the 
mean was calculated.

Western blot analysis. Proteins were collected from cells 
using RIPA buffer (Pierce, Rockford, IL, USA), then separated 
by 12% SDS-PAGE and transferred to the PVDF membrane 
(Merck Millipore). The membrane was blocked with 5% 
non-fat milk and incubated with primary antibody DNMT3B 
(Abcam, Cambridge, MA, USA) and β-actin (Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) with 1:1,000 dilution 
at 4˚C overnight. Then the membrane was washed extensively 
followed by incubation with secondary antibodies (Zhuangzhi 
Biotech, Co., Ltd., Xi'an, China) at room temperature for 1 h. 
The results were obtained with chemiluminescent (Pierce). 
ImageJ software-based analysis was used to quantify the 
bands obtained through western blot analysis.

Luciferase reporter assay. Cells were cultured in 96-well 
plates with 50-70% confluence 24 h before transfection. A 
mixture of 120 ng plasmid vector including the wild-type 
(WT) or mutant (Mut) 3'UTR of DNMT3B mRNA (Shanghai 
Genechem, Co., Ltd, Shanghai, China) together with 50 nM 
hsa-miR-26a mimics or negative control (Guangzhou RiboBio) 
were co-transfected. Transfections were performed using 
0.45 µl of FuGENE (Promega, Madison, WI, USA). After 
transfection for 48 h, the luciferase activity was measured by 
Dual-Glo Luciferase assay system (Promega) with Renilla 
luciferase activity as control.

Statistical analysis. Data are expressed as means ± SD. 
Statistical analysis was performed using the SPSS statistics 
20.0. Student's t-test was performed to compare the differences 
of the two groups. ANOVA was performed for comparison for 
more than two groups. Correlation between two groups was 
analyzed using Pearson's correlation coefficient analysis. The 
level of significance was set at P<0.05.



ONCOLOGY REPORTS  37:  3527-3535,  2017 3529

Results

miR-26a and MEG3 are downregulated in HCC tissues. 
Expression of miR-26a and MEG3 was analyzed by qRT-PCR 
in 46 HCC and matched adjacent non-malignant tissues. The 
relative expression levels of miR-26a and MEG3 were signifi-
cantly downregulated in HCC tissues compared with matched 
non-malignant specimens (Fig. 1A and B). Moreover, the 
expression levels of miR-26a and MEG3 were negatively corre-
lated with the cancer clinical TNM stage, and the advanced 
TNM stages were found with lower miR-26a and MEG3 

expression (Fig. 1C and D). Furthermore, we demonstrated 
that miR-26a and MEG3 expression levels in the HCC cell 
lines were lower than normal liver LO2 cells (Fig. 1E and F). 
In addition, we analyzed the relationship of their expression 
levels via Pearson's rank correlation coefficient analysis. The 
result showed that the expression level of miR-26a was posi-
tively correlated with MEG3 expression level in both HCC and 
matched non-malignant tissues (Fig. 1G and H).

Relationship of miR-26a and MEG3 expression with 
clinicopathological features. The study revealed that the 

Figure 1. The expression level of miR-26a and MEG3 in HCC tissues and HCC cell lines. (A) miR-26a and (B) MEG3 were downregulated in 46 HCC tissues 
compared to matched adjacent non-malignant tissues. The expressions of (C) miR-26a and (D) MEG3 in HCC patients with III-IV clinical TNM stages (n=20) 
were lower than patients with I-II clinical stages (n=26). The expressions of (E) miR-26a and (F) MEG3 in HCC and LO2 cells were measured using qRT-PCR. 
Positive correlation between miR-26a and MEG3 expression in HCC(G) and matched non-malignant tissues (H). Pearson's correlation coefficient analysis 
parameter r and P-values are shown. *P<0.05. **P<0.01.
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downregulation of miR-26a and MEG3 in HCC were closely 
associated with the clinicopathological parameters of HCC 
(Table I). The downregulation of miR-26a had no significant 
association with patients' age, sex, AFP or HBV infection, 
but was significantly associated with tumor size, histological 
differentiation and clinical TNM stage (Table I). As to MEG3 
expression, the decreased MEG3 levels were significantly 
associated with tumor size and TNM stage. However, no statis-
tically significant of its expression was found with the age, sex, 
AFP, HBV infection or histological differentiation (Table I). 
These results suggested that downregulation of miR-26a and 
MEG3 may contribute to the malignant progression of HCC.

miR-26a inhibits HCC cell proliferation, migration and inva-
sion in vitro. To further determine the potential biological effects 
of miR-26a in HCC, we transfected the miR-26a mimics and 
compared its performance on HepG2 and MHCC97-H cells. In 
contrast to negative control group (NC), the ectopic expression of 
miR-26a suppressed cell proliferation. Transfection of miR-26a 
mimics for 48, 72 or 96 h inhibited proliferation of HepG2 
cells by 37.5%, 38.1% and 40.1% (Fig. 2A), MHCC97-H cells 
by 30.2%, 43.2% and 44.1%, respectively (Fig. 2B). In Matrigel 
invasion assays (Fig. 2C), upregulation of miR-26a significantly 
decreased invasion of HepG2 cells (96 vs. 189 cells; P<0.01) 

and MHCC97-H cells (45 vs. 258 cells; P<0.01) (Fig. 2E). In 
migration assays (Fig. 2D), mobility of HepG2 (109 vs. 226 
cells; P<0.01) and MHCC97-H cells (119 vs. 288 cells; P<0.01) 
(Fig. 2F) were profoundly decreased after transfection of 
miR-26a mimics.

DNMT3B is a direct target of miR-26a. We used the 
TargetScan (www.targetscan.org) and found a puta-
tive binding site for miR-26a in the 3'-UTR of DNMTB 
(Fig. 3A). The luciferase reporter assay was conducted to 
verify the prediction. The wild-type (WT) was transfected 
with miR-26a mimics and negative control (NC), the rela-
tive luciferase activity of WT/miR-26a was significantly 
decreased compared with WT/NC. However, there was 
no significant difference observed between Mut/miR-26a 
and Mut/NC (Fig. 3B). To verified the target relationship 
between miR-26a and DNMT3B, we measured DNMT3B in 
HCC cells after transfection of miR-26a mimics. We found 
that ectopic expression of miR-26a suppressed the protein 
and mRNA expression levels of DNMT3B in HepG2 and 
MHCC97-H cells (Fig. 3C and D).

Knockdown of DNMT3B inhibits cell proliferation, migra-
tion and invasion. To determine whether downregulation of 

Table I. The expression of miR-26a and lncMEG3 and its clinical characteristics in 46 HCC patients.

 miR-26a MEG3
 ----------------------------------------------------------- ------------------------------------------------------------
Clinical factors No. Mean ± SD P-value Mean ± SD P-value

All cases 46
Age (years)   0.578  0.207
  <59 20 0.489±0.177  0.432±0.190
  ≥59 26 0.457±0.213  0.504±0.230
Sex   0.855  0.737
  Male 35 0.474±0.191  0.478±0.216
  Female 11 0.462±0.217  0.453±0.215
Tumor size (cm)   0.012a  0.002a

  <5 27 0.615±0.177  0.566±0.207
  ≥5 19 0.350±0.112  0.378±0.118
HBs Ag   0.415  0.341
  + 34 0.456±0.194  0.489±0.231
  - 12 0.517±0.206  0.599±0.329
AFP (µgl)   0.058  0.081
  <20 19 0.415±0.178  0.412±0.194
  ≥20 27 0.527±0.207  0.522±0.221
Histological differentiation   0.009a  0.304
  Well and moderate 22 0.427±0.190  0.505±0.244
  Low 24 0.595±0.165  0.439±0.179
Clinical (AJCC) stage   0.013a  0.004a

  Ⅰ+Ⅱ 26 0.514±0.218  0.528±0.204
  Ⅲ+Ⅳ 20 0.389±0.112  0.293±0.121

aStatistical significance (P<0.05).
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Figure 2. The effects of miR-26a in vitro on proliferation, migration and invasion of HepG2 and MHCC97-H cells. Upregulation of miR-26a significantly 
inhibited proliferation of (A) HepG2 and (B) MHCC97-H cells. (C) Transwell invasion and (D) migration assays after transfection with miR-26a mimics or 
negative control (NC) in HCC cells. The number of (E) invaded and (F) migrated cells in the miR-26a-transfected group was significantly decreased compared 
with negative control. *P<0.05. **P<0.01.

Figure 3. DNMT3B is a direct target gene of miR-26a. (A) The potential binding sequence at the wild-type and mutant DNMT3B mRNA 3'-UTR. (B) Luciferase 
assay was performed to measure the interaction between DNMT3B 3'-UTR and miR-26a. miR-26a significantly suppressed the luciferase activity that carried 
WT but not Mut 3'-UTR of DNMT3B. (C) Western blot analysis showed the protein levels of DNMT3B in HepG2 and MHCC97-H cells were downregulated 
after transfection with miR-26a mimics. (D) Overexpression of miR-26a suppressed the mRNA expression of DNMT3B. **P<0.01.
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DNMT3B had similar effect with overexpression of miR-26a, 
a specific siRNA against the DNMT3B gene transcript was 
introduced into HCC cells. After transfection with siRNA-
DNMT3B for 48 h, the mRNA and protein expression level of 
DNMT3B was sharply decreased in HepG2 and MHCC97-H 
cells (Fig. 4A). Moreover, we found that siRNA-DNMT3B 
markedly suppressed cell proliferation (Fig. 4B). In addition, 
the migration and invasion of HCC cells were decreased 
compared to NC group, respectively (Fig. 4C and D). The 
effect was consistent with miR-26a overexpression, and indi-
cated that negative regulation of DNMT3B by miR-26a was 
responsible for miR-26a-induced HCC cell progression at least 
in part.

miR-26a upregulates MEG3 through inhibition of the 
DNMT3B expression. In vitro experiment, we found that 
upregulated miR-26a could increase the expression of MEG3 
in HepG2 and MHCC97-H cells (Fig. 5A). Furthermore, 
knockdown of DNMT3B could also increase MEG3 
expression in HepG2 and MHCC97-H cells (Fig. 5B). In 
combination with our previous findings that miR-26a inhib-
ited the expression of DNMT3B, overexpression of miR-26a 
may increase the MEG3 expression through reduction of the 
DNMT3B expression.

MEG3 expression is modulated by DNA methylation. To 
ascertain the role of aberrant methylation in deregulation of 

Figure 4. Knockdown of DNMT3B inhibits cell proliferation, migration and invasion in vitro. (A) The protein and (B) mRNA expression of DNMT3B in 
HepG2 and MHCC97-H cells were downregulated after transfected with si-DNMT3B compared to si-NC. (C and D) MTT assay showed that DNMT3B-
siRNA suppressed HepG2 and MHCC97-H cell proliferation. (E and F) Transwell assay showed that DNMT3B-siRNA suppressed HepG2 and MHCC97-H 
cell invasion and migration. The number of (G) invaded and (H) migrated cells in the si-DNMT3B group was significantly decreased compared with NC group. 
*P<0.05. **P<0.01.
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MEG3 in HCC cells, we assessed the effect of a DNA demeth-
ylating agent (5-aza-CdR) on MEG3 expression by treating 
HepG2 and MHCC97-H HCC cells with different densities 
(20, 40, 60 and 80 µM). The result showed that MEG3 expres-
sion was significantly upregulated with increased density of 
5-aza-CdR compared with control (Fig. 5C). It verified again 
that DNMT3B could imitate the effect of 5-aza-CdR to down-
regulate the expression of MEG3 in HCC cells.

Upregulation of DNMT3B expression is inversely correlated 
with miR-26a and MEG3 expression in HCC. To confirm 
molecular relationship observed in HCC cells, we measured 
the DNMT3B expression in patient specimens and found 
that DNMT3B was upregulated in 35 (35/46, 76.1%) HCC 
compared to matched non-malignant tissues (Fig. 5D). 
Moreover, Pearson's correlation coefficient analysis suggested 
that DNMT3B expression was inversely correlated with 
miR-26a and MEG3 expression levels (Fig. 5E and F).

Discussion

Emerging evidence shows that deregulation of miRNAs play 
a critical role in tumorigenesis and progression. However, the 
effect and regulatory mechanisms are often controversial. 
miR-26a acts as oncogene or tumor suppressor in several 
human cancers via inhibiting its different target genes. 
Gao et al (28) found that miR-26a inhibited proliferation and 
migration of breast cancer through regulating the expression 
of MCL-1. The study of Deng et al (30) showed that miR-26a 
suppressed tumor growth and metastasis by targeting FGF9 in 
gastric cancer. On the contrary, some researchers also found 
that miR-26a was significantly upregulated in glioblastoma 
and ovarian cancer (32,33) and promoted lung cancer cell 
growth through inhibition of PTEN/AKT1 pathway (34). 
Especially, the biological effect of miR-26a involved in 
the carcinogenesis of prostate cancer was reported to be in 
contrast (35,36). Therefore, miR-26a possessed dual effects, 

Figure 5. miR-26a increases the MEG3 expression through the inhibition of the DNMT3B expression. (A) Overexpression of miR-26a promoted MEG3 
expression in HepG2 and MHCC97-H cells. (B) Inhibition of DNMT3B gene expression downregulated MEG3 expression in HepG2 and MHCC97-H cells. 
(C) HepG2 and MHCC97-H HCC cells treated with different densities (20, 40, 60 and 80 µM) of 5-aza-CdR, the expression of MEG3 was upregulated with 
the increase of the 5-aza-CdR density. (D) The DNMT3B expression was upregulated in HCC compared with matched non-malignant tissues. (E) Pearson's 
correlation analysis showed negative correlation between miR-26a and DNMT3B expression. (F) Pearson's correlation coefficient analysis showed negative 
correlation between DNMT3B and MEG3 expression, with r and P-values as indicated. *P<0.05, **P<0.01. 
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depending on organ-specific actions and peculiar target genes 
in different cancer type. In the present study, miR-26a expres-
sion was significantly downregulated in HCC compared with 
matched non-malignant tissues, and low expression of miR-26a 
was significantly associated with the tumor size, histological 
differentiation and clinical stage. In vitro, overexpression of 
miR-26a significantly suppressed the proliferation, migration 
and invasion of HepG2 and MHCC97-H cells. These results 
confirmed the inhibitory effect of miR-26a on growth and 
metastasis in HCC.

miRNAs are suggested to regulate nearly 60% of protein-
encoding genes in mammals post-transcriptionally (37).
Recent studies reported that loss of combinations of some 
miRNAs was associated with hypermethylation defect in 
breast cancer cell lines, and decreased expression of regula-
tory miRNAs including miR-26a contributed to DNMT3B 
overexpression (38). DNMT3B belongs to methyltransferases 
family and is primarily responsible for methylation of certain 
genomic regions (39). The overexpression of DNMT3B was 
observed in some cancer types and contributed to tumor 
growth and metastasis (40,41). Loss of DNMT3B regula-
tion resulted in complete or partial demethylation of the 
tumor-suppressive gene MTSS1 promoters and contributed 
to HCC development (42). Therefore, investigating the 
contribution of DNMT3B to the process of tumorigenesis is 
important towards understanding the mechanisms through 
aberrant DNA methylation in HCC. In the present study, 
we demonstrated that DNMT3B expression was increased 
in HCC compared to the adjacent non-malignant tissues, 
and verified that DNMT3B was a novel target of miR-26. 
Moreover, knockdown of DNMT3B inhibited cell prolif-
eration, migration and invasion in HepG2 and MHCC97-H 
cells, which limited the miR-26a-induced tumor suppressive 
effect. The results suggested that miR-26a regulates prolif-
eration, migration and invasion of HCC cells via inhibition 
of DNMT3B.

A previous study revealed that MEG3 functions as a 
tumor-suppressor in HCC, and miR-29a could modulate the 
expression of MEG3 through the regulation of DNMT3B 
activity in HCC (31). Other researches reported that DNA 
methylation could suppress the expression of MEG3 in menin-
gioma and pituitary tumors (43,44). Based on above studies, 
we assumed that miR-26a could imitate the mechanism to 
silence the expression of MEG3 in HCC through modulation 
of DNMT3B. Therefore, we validated our hypothesis in vitro 
experiments, and the results showed that overexpression of 
miR-26a increased the expression of MEG3 through reducing 
expression of its potential target gene DNMT3B in HCC 
cells. To better confirm the aberrant methylation-dependent 
mechanism in deregulation of MEG3 in HCC, we introduced 
the methylation-inhibitor 5-aza-CdR to measure the expres-
sion of MEG3. The results showed that MEG3 expression was 
robustly increased by incubation with 5-aza-CdR in HCC cells, 
and a concentration-dependent relationship existed. In speci-
mens, the expression of MEG3 was downregulated in HCC 
compared with non-malignant tissues and showed inverse 
correlation with either miR-26a or DNMT3B expression in 
HCC tissues. Based on the above observations, we demon-
strated that miR-26a inhibits proliferation and metastasis of 
HCC by regulating DNMT3B/MEG3 axis.

In summary, we confirmed the tumor suppressor 
role of miR-26a in HCC, partly at least, via inhibition of 
DNMT3B/MEG3 axis. The present study complemented 
the molecular mechanisms of miRNAs in the development 
of HCC, emphasizing epigenetic modulation, in particular 
the association of DNA methylation between expression 
of miRNAs and lncRNAs. A novel molecular regulation 
axis-miR-26a/DNMT3B/MEG3 may become a promising 
therapeutic target for HCC treatment. Further studies are 
needed to investigate the upstream regulatory mechanism 
underlying miR-26a expression and the downstream signaling 
pathways of DNMT3B in HCC.
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